Chlorhexidine solution and pneumonia in care-dependent elderly people by Hollaar, V.R.Y.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/175292
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
511080-L-os-hollaar Processed on: 30-6-2017
Chlorhexidine solution 
and pneumonia in 
care-dependent 
elderly people
Vanessa Hollaar
C
hlorhexidine solution and pneum
onia in care-dependent elderly people
Vanessa H
ollaar
UITNODIGING 
Graag nodig ik u uit voor het 
bijwonen van de openbare 
verdediging van het  proefschrift
door
Vanessa Hollaar
op woensdag 13 september 2017 
om 16.30uur precies 
in de aula van 
Radboud Universiteit Nijmegen, 
Comeniuslaan 2 te Nijmegen
U bent van harte welkom 
bij deze plechtigheid. 
Na afl oop vindt er geen 
receptie plaats. Er is wel 
gelegenheid tot feliciteren.
Eva Huiskamp & Renze Salet
Contact of vragen via: 
promotievanessa@gmail.com
Chlorhexidine solution 
and pneumonia in 
care-dependent 
elderly people
Paranimfen
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 1
Chlorhexidine solution and 
pneumonia in care-dependent 
elderly people
Vanessa Hollaar
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 2
ISBN: 978-94-028-0689-2
Design/lay-out: ProefschriftOntwerp.nl, Bregje Jaspers, Nijmegen 
Cover foto: Gebit (2007), Alewijn Eijgenraam (Art Director), www.alewijneijgenraam.myportfolio.com
Print: Ipskamp Printing, Nijmegen
 
© Vanessa Hollaar, 2017 
All rights are reserved. No part of this book may be reproduced, distributed, stored in a retrieval 
system, or transmitted in any form or by any means, without prior written permission of the author.
Publication and ceremony of this thesis has been made possible due to the generosity of:
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 3
Chlorhexidine solution and 
pneumonia in care-dependent 
elderly people
Proefschrift
ter verkrijging van de graad van doctor 
aan de Radboud Universiteit Nijmegen
op gezag van de rector magnificus prof. dr. J.H.J.M. van Krieken, 
volgens besluit van het college van decanen 
in het openbaar te verdedigen op woensdag 13 september 2017 
om 16.30 uur precies
door
Vanessa Rachel Yvette Hollaar
geboren op 3 december 1978
te Linschoten
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 4
Promotor
Prof. dr. N.H.J.  Creugers  
Copromotoren
Dr. C.D. van der Maarel–Wierink  ACTA
Dr. GJ. van der Putten 
Dr. B. de Swart  
Manuscriptcommissie
Prof. dr. S. Listl   
Prof. dr. H. Vermeulen  
Prof. dr. J.M.G.A. Schols  Maastricht University
Paranimfen
Drs. E. Huiskamp
Mr. dr. R. Salet
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 5
‘Het gaat niet om de beste te zijn, maar om iedere dag beter te worden’
-  Esther Vergeer  -
Meervoudig Nederlands, Grandslam en Paralympisch kampioen rolstoeltennis
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 6
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 7
Table of contents
Chapter 1 General introduction 9
Chapter 2   Nursing staff’s knowledge about and skills in providing oral hygiene  
care for patients with neurological disorders  25
Chapter 3   Study protocol - The effect of the daily application of a 0.05%  
chlorhexidine solution on the incidence of (aspiration) pneumonia  
in care home residents: Design of a multicentre cluster randomized 
controlled clinical trial  41
Chapter 4  Defining characteristics and risk indicators for diagnosing nursing  
home-acquired pneumonia and aspiration pneumonia in nursing  
home residents, using the electronically-modified Delphi Method  55
Chapter 5  Nursing home-acquired pneumonia, dysphagia and associated  
diseases in nursing home residents: A retrospective,  
cross-sectional study 75
Chapter 6  The effect of the daily application of a 0.05% chlorhexidine oral  
rinse solution on the incidence of (aspiration) pneumonia in  
nursing home residents: a multicenter study 91
Chapter 7 General Discussion 111
Chapter 8 English Summary  133
Chapter 9 Nederlandse Samenvatting  143
Chapter 10 Dankwoord  153 
  CV  161
  Publications 163
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 8
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 9
CHAPTER 1
General introduction
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 10
General Introduction
10
Introduction
Oral health plays an important role in maintaining general health. Several associations have 
been made between poor oral health, systemic diseases and general health complications. 
Periodontitis, for example, is associated with systemic diseases such as diabetes mellitus and 
rheumatoid arthritis [1], but also with stroke [2]. Dental plaque contains microorganisms, which 
are associated with pulmonary infection. Pulmonary diseases such as chronic obstructive 
pulmonary disease (COPD) and pneumonia are also associated with periodontitis [3]. Several 
studies show that improving oral hygiene prevents pneumonia in high-risk patients [4-6]. This is 
important, because pneumonia is a leading cause of death in care-dependent elderly people [7].
Oral bacteria and pneumonia 
The oral cavity reservoirs potential respiratory pathogens, which can induce pulmonary infections 
in care-dependent elderly people. Potential respiratory pathogens are found in the dental plaque 
of these care-dependent elderly [8,9]. Colonization of the oropharynx with these pathogens 
in edentulous and dentulous elderly people is an important process in the pathogenesis of 
(aspiration) pneumonia [9,10]. Dentures of nursing home residents are often covered with dental 
plaque [11,12]. O’Donnell et al. (2016) found that approximately 65% of dentures are colonized 
by respiratory pathogens. Still, it is unclear how oral bacteria are involved in the pathogenesis 
of pneumonia [13]. It is proposed that aspiration of saliva with bacteria from the oral biofilm 
into the respiratory tract induces (aspiration) pneumonia [14,15]. In nursing home residents the 
micro flora of dental plaque becomes rapidly colonized by these potential pulmonary pathogens, 
due to diminished salivary flow and poor ability to perform oral hygiene care [16]. Diminished 
salivary flow results in the oral cavity being less protected because the cleansing, lubricating and 
antimicrobial function of saliva is reduced [17]. 
Importantly, the pathogenicity of oral biofilm for oral diseases depends on the number and types 
of oral bacteria, which vary in gingivitis and periodontitis compared to healthy gums [16]. A 
decreased cough reflex, swallowing disorders or other physical disabilities put the elderly at 
higher risk of aspirating oral bacteria [15]. Poor oral health status and poor oral hygiene [11,18-
21] and wearing dentures overnight also increase the risk of pneumonia [22]. All these factors 
make nursing home residents more vulnerable to pulmonary infections than healthy people. 
Oral health status in Dutch elderly people
Owing to increased general health and the improvements in professional dental care over the 
last decades worldwide, more elderly people have an increased number of natural teeth with 
more complex restorations, including oral implants [23]. In the Netherlands, it is expected that 
in the near future more care-dependent and frail elderly with a complex general and oral health 
status will live independently for longer. This expectation is motivated by changes in the Dutch 
Healthcare System in 2015, as part of which the Long-Term Care Act was introduced. Because 
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of the increasing aging population, at which stage in their lives many people suffer from chronic 
illnesses, this new Act was purposed to keep the Dutch healthcare available and affordable. 
This Act is based on the foundation of people’s opportunities rather than their shortcomings and 
people are encouraged to draw on their own network and resources for support [24]. When this 
support is not available, these patients receive special home care by district nurses. As a result 
of this Act, it is expected that more frail and care-dependent people will be able to live longer at 
home before they are admitted to a nursing home.  
Multimorbidity and polypharmacy make elderly people more vulnerable to oral and dental 
problems than younger people [25,26]; the elderly suffer more from root caries, periodontal 
disease, dry mouth, tooth loss [27], toothache, ill-fitting dentures [28] and oral candidiasis 
[29]. These oral health problems and tooth loss have, besides their effect on general health 
complications, a negative impact on quality of life [28,30]. For example, social and psychological 
problems arise, such as avoiding social interactions or feeling less self-conscious, which 
decrease the quality of life of nursing home residents [31-33]. 
The basis of primary prevention in oral health is individual oral hygiene. Adequate motor and 
cognitive abilities are required for performing adequate oral hygiene. Often care-dependent 
people, such as nursing home residents, lack these abilities, however. This is why there is an 
increased need for assistance in their daily oral hygiene care to prevent oral diseases and other 
general health complications caused by poor oral health in care-dependent people [34].
The improvements in professional dental care mean that more dentulous patients are entering 
the Dutch nursing homes than before. A Dutch study conducted in 2014 found that approximately 
28.7% of the patients who were admitted to a Dutch nursing home had remaining teeth and 3.2% 
of these patients had dental implants. Thereby 80% of these patients had moderate to poor oral 
health at their admission [35]. It is important to note that, once admitted to a nursing home, 
frail elderly experience psychological and social barriers to entering oral healthcare and dental 
service use and regular dental visits diminish [36]. 
In several countries, studies have demonstrated the oral hygiene and oral health status of nursing 
home residents to be poor [11,19-21]. Oral hygiene and oral health status in Dutch nursing 
homes are also the subject of discussion. The Dutch Health Care Inspectorate of the Ministry of 
Health, Welfare and Sport reported in 2014 a reduced quality of oral hygiene care in care homes. 
Furthermore, there are difficulties in the implementation of the ‘Oral health care Guideline for 
Older people in Long-term care Institutions’ (OGOLI) in the Netherlands [37]. 
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Risk factors for aspiration pneumonia
A systematic review showed that age, male gender, lung diseases, bad oral health, diabetes 
mellitus, angiotensin I-converting enzyme deletion/deletion genotype, malnutrition, Parkinson's 
disease, and the use of antipsychotic drugs, proton pump inhibitors and angiotensin-converting 
enzyme inhibitors were risk factors for aspiration pneumonia in frail older people [38]. Furthermore 
dementia, confusion, presence of cerebrovascular disease, sputum suctioning, dehydration and 
dysphagia have been mentioned as important risk factors [18,39-41]. This makes nursing home 
residents at higher risk of developing aspiration pneumonia due to their frailty, care dependency 
and multimorbidity, which result in a higher incidence of pneumonia [7,40]. These risk factors 
and aspiration pneumonia itself can lead to high morbidity and mortality [40,42].
Dysphagia in nursing home residents
Aging causes anatomical changes in the neural and muscular mechanisms that affect the 
swallowing process [43]. Dysphagia is defined as a symptom that refers to difficulty or discomfort 
during the progression of the alimentary bolus from the oral cavity to the stomach [44]. Clinical 
signs of dysphagia are, for example, pocketing food in the mouth, leakage of food or liquid from 
the mouth, drooling, coughing and choking with food or fluid, delayed trigger to swallow, multiple 
swallows per mouthful, and hoarseness or ‘wet’ voice [39,45,46]. Aspiration of food or saliva 
often occurs in people with dysphagia. Aspiration occurs when oropharyngeal or gastric content 
is misdirected into the lower tract and passes beyond the vocal folds into the trachea [47]. 
Dysphagia has a prevalence of 30-40% in people aged 65 or older [44] and in nursing home 
residents the prevalence is approximately 50-75% [39,48]. Dysphagia is an important indicator of 
disease severity and poor prognosis for elderly people with pneumonia [48]. Dysphagia is also 
a risk factor for malnutrition, weight loss and dehydration in nursing home residents [46,49,50]. 
In contrast, preventing tooth loss and encouraging denture wear improve the nutritional status 
and swallowing function of nursing home residents [51]. In Dutch nursing home residents, the 
risk of aspiration due to dysphagia has been found to be a relevant care problem [52]. Thus, at 
the onset of aspiration pneumonia, bacteria are not the only cause of infection; dysphagia also 
plays a significant role.
Defining and classifying pneumonia 
In general, the place of the onset of pneumonia determines the classification of pneumonia, 
with classifications such as community-acquired pneumonia (CAP) and nursing home–
acquired pneumonia (NHAP) [53]. It is important to distinguish between these classifications 
of pneumonia, because the characteristics, bacteria involved and treatment of these types of 
pneumonia differ. Community-acquired pneumonia (CAP) is defined as pneumonia that is not 
acquired in a hospital or a long-term care facility [54,55]. Clinical diagnosis of CAP is based on 
the presence of characteristics of lower respiratory tract infection, such as cough, fever, chills, 
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fatigue, dyspnea, rigors and pleuritic chest pain [54]. CAP is caused by bacteria that normally 
colonize in the oropharynx, such as Streptococcus pneumonia, Haemophilus influenza and 
Mycoplasma pneumonia [14,56]. 
Nursing home-acquired pneumonia (NHAP) has been described as pneumonia in nursing home 
residents with an atypical clinical presentation. In NHAP respiratory symptoms such as cough, 
shortness of breath, pleuritic chest pain, chills, fever, tachypnea, and rales on chest examination 
are less present or are absent and altered mental status is more present in the elderly [57-59]. 
The incidence of NHAP is tenfold the incidence of CAP [7]. Fewer differences were found in the 
aetiology of NHAP and CAP [60,61]. Streptococcus pneumonia is the most important pathogen 
in both pneumonias, whereas Staphylococcus aureus has been found to be frequently more 
present in NHAP than in CAP [59,61]. The mortality rate of NHAP is higher than the mortality rate 
of CAP, and NHAP is a leading cause of death in nursing home residents [16,63].
Aspiration pneumonia occurs with a wide spread of characteristics [64] and is defined as 
pneumonia that occurs due to the misdirection of oropharyngeal or gastric contents into the 
larynx and lower respiratory tract [39]. Aspiration pneumonia caused by aspiration of gastric 
contents is also classified as chemical pneumonitis [65]. Clinically, making a distinction between 
NHAP or CAP and aspiration pneumonia is complicated because the actual aspiration is mostly 
not witnessed or occurs silently during sleep [65,66] and specific markers are not available 
[66,67]. Also a chest radiograph is necessary to confirm aspiration [64,65], but this radiography 
is seldom available in nursing homes. For these reasons, the term ‘aspiration pneumonia’ is often 
used to refer to the development of pneumonia in a setting with risk factors of oropharyngeal 
aspiration [65]. About 5-15% of patients with CAP are found to have aspiration pneumonia [68]. 
Patients with aspiration pneumonia are older, have greater disease severity, more comorbidities, 
longer hospital stays and higher mortality than patients with CAP [68,69].
Oral hygiene care and (aspiration) pneumonia
As mentioned earlier, respiratory bacteria colonize in dental plaque and can cause (aspiration) 
pneumonia [9]. Nursing home residents are at high risk because the normal microflora of dental 
plaque becomes rapidly colonized. Adequate oral hygiene care is important for reducing colonization 
of respiratory pathogens in dental plaque of edentulous and dentulous nursing home residents 
and for preventing them from developing (aspiration) pneumonia [4,70-73]. Several studies have 
already shown a reduction in oral bacteria with the implementation of professional oral hygiene care 
programs in nursing homes [4,70,74-76]. Furthermore, these oral hygiene care programs have been 
shown to contribute to preventing nursing home residents from acquiring pneumonia [4,16,71]. It has 
been suggested that toothbrushing has a positive effect on reducing the risk of pneumonia in nursing 
home residents [76]. Yet, it is unclear which oral hygiene care program or which interventions are the 
most effective and efficacious in reducing (aspiration) pneumonia [75-77].
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Chlorhexidine solution and aspiration pneumonia
Mouth rinses that contain chlorhexidine might be helpful in improving oral hygiene care. 
Chlorhexidine has been found to be effective in decreasing and controlling amount of dental 
plaque and in reducing certain aerobic and anaerobic species [78-80]. Chlorhexidine has 
a bactericidal and bacteriostatic activity with a wide spectrum of antibacterial activity, which 
includes Gram-positive and Gram-negative bacteria [81]. The antibacterial action is explained by 
the fact that the cationic chlorhexidine molecule is attracted by the negatively charged bacterial 
cell surface. Then, by penetrating the bacterial cell membrane, leakage of cell components is 
caused. Disruption of the bacterial metabolism and inhibition of cell growth take place and finally 
the cell dies [81]. In this way, the formation of dental plaque is disturbed. 
However, chlorhexidine solution shows some side effects, such as temporary taste alterations 
and staining of teeth and soft tissues [78,79]. It has been suggested that the replacement of 
alcohol in chlorhexidine solutions by cetylpyridinium chloride (CPC) has reduced some of these 
side effects [78,82].
Several systematic reviews have concluded that chlorhexidine solution in different concentrations 
(0.12%-2%) is effective in reducing hospital-acquired pneumonia (HAP) and ventilator-associated 
pneumonia (VAP) [73,76,83-86]. In critically ill patients, the use of chlorhexidine oral rinse during 
oral hygiene care has been found to reduce nosocomial pneumonia and VAP [85]. Furthermore, 
a systematic review has suggested a 0.12% chlorhexidine oral rinse as an effective hygiene 
method for Intensive Care Unit (ICU) patients in order to reduce nosocomial pneumonia, with 
the use of chlorhexidine suggested as more favorable than tooth brushing only [73]. In geriatric 
patients, a daily application of chlorhexidine 0.2% solution over 7 days has been found to be 
effective in reducing oral colonization [87]. Despite the results of these studies, controversy 
about the value of the use of chlorhexidine in oral hygiene care in the prevention of (aspiration) 
pneumonia in nursing home residents is ongoing [88].
The high prevalence of dysphagia and (aspiration) pneumonia and the absence of evidence 
regarding which oral hygiene care program or which interventions are most effective in reducing 
pneumonia in frail elderly people mean that more studies are needed to establish an evidence-
based oral hygiene care protocol that will protect care home residents from (aspiration) 
pneumonia [46,77,89,90]. It is unknown whether the daily application of a 0.05% chlorhexidine 
solution is effective in reducing the risk of (aspiration) pneumonia in care home residents.
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Aims of the thesis 
As stated earlier, the basis of primary prevention in oral health is individual oral hygiene. Care-
dependent people require the assistance of caregivers in oral hygiene care to prevent them 
from acquiring oral diseases and general health complications. This makes it important to gain 
greater insight into the knowledge and skills of caregivers that are needed for assisting in the 
complex oral hygiene care in care-dependent people; for example, nursing home residents or 
neurological patients.
To date, it is not clear which oral hygiene care interventions are the most effective and efficacious 
in reducing (aspiration) pneumonia in nursing home residents. With the knowledge of which oral 
hygiene care interventions are the most effective, tools and advice can be provided to improve 
the performance of adequate oral hygiene care for these residents. 
The main objectives of this thesis are:
1.  To provide more insight into how daily oral hygiene care in care-dependent patients is 
handled by the nursing staff and which knowledge and skills are present.
2.   To gain more insight into which characteristics, (medical) risk factors or diseases are 
associated with pneumonia or aspiration pneumonia in care home residents.
3.  To investigate whether the incidence of aspiration pneumonia could be reduced in care home 
residents with dysphagia by adding a 0.05% chlorhexidine-containing solution to the usual 
daily oral hygiene care. 
This thesis includes a series of studies that were originally reported as separate articles. The 
studies include an investigation into how a structured basic oral examination guideline and 
flowchart can be used by nursing staff during daily oral hygiene care in patients with neurological 
disorders. Other studies assess which characteristics and (medical) risk factors of (aspiration) 
pneumonia are associated with nursing home residents and investigate whether a 0.05% 
chlorhexidine oral rinse solution can contribute to preventing aspiration pneumonia in nursing 
home residents. The study of the effect of 0.05% chlorhexidine oral rinse solution on the incidence 
of aspiration pneumonia in care home residents was the main part of this thesis. 
The specific aims addressed in this thesis are:
1.   To determine nursing staff’s current knowledge on providing oral hygiene care to patients 
with neurological disorders and to develop a structured basic oral examination guideline and 
flowchart to provide oral hygiene care in patients with neurological disorders.
2.   To determine whether nursing staff perceptions of their knowledge and skills change after 
education and practical training on performing a structured basic oral examination.
3.   To determine the characteristics used for diagnosing pneumonia in nursing home residents 
by a panel of clinical medical experts in geriatrics and pulmonology.
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4.  To determine risk factors used by a panel of clinical medical experts in geriatrics and 
pulmonology for considering a diagnosis to be aspiration pneumonia in nursing home 
residents with pneumonia. 
5.  To investigate potential associations between nursing home-acquired pneumonia (NHAP) 
and dysphagia for nursing home residents and to search for a medical risk profile for NHAP. 
6.  To examine if a daily application of a 0.05% chlorhexidine oral rinse solution in addition to 
the usual daily oral hygiene care is effective in reducing the risk of aspiration pneumonia in 
physically disabled care home residents with dysphagia.
7.  To examine whether there are any associations between several background variables, such 
as age, gender, dysphagia severity, care-dependency score, number of medical diagnoses 
and medication use, the number of teeth and implants present, and wearing removable 
dentures, and the risk of acquiring aspiration pneumonia in participating physically disabled 
care home residents with dysphagia.
Outline of the thesis
Chapter 2 presents a study that was performed at a hospital’s department for patients with 
neurological disorders in the Netherlands. The study was conducted as two projects: 
(1) using a questionnaire, several aspects of providing oral hygiene care by the nursing staff 
were examined; and (2) a guideline for a structured basic oral examination was developed and 
the nursing staff received training on using the guideline. The potential increase in the nursing 
staff’s knowledge and skills was evaluated using a scoring form before and after the education 
and practical training and their perception of performing this examination was assessed using 
a short questionnaire.
Chapter 3 presents a study protocol of the design of a multicenter cluster randomized controlled 
clinical trial to investigate the effect of the daily application of a 0.05% chlorhexidine solution on 
the incidence of (aspiration) pneumonia in care home residents.
Chapter 4 presents an electronically modified Delphi Method in which a panel of clinical medical 
experts in geriatrics and pulmonology try to reach consensus about the characteristics required 
for diagnosing pneumonia and about the risk indicators needed to consider the diagnosis to be 
aspiration pneumonia in nursing home residents.
Chapter 5 presents a retrospective cross-sectional study of electronic medical files of nursing 
home residents. This study was conducted to gain a better understanding of the underlying 
comorbidities that may contribute to the high incidence of NHAP among residents with dysphagia. 
These insights will enable nurses and other medical professionals to recognize dysphagia earlier 
and to help prevent NHAP. 
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Chapter 6 presents a multicenter study to examine whether the daily application of a 0.05% 
chlorhexidine oral rinse solution is effective in reducing the incidence of aspiration pneumonia in 
care home residents with dysphagia.
Chapter 7 presents an integral discussion of the results of the studies described in the previous 
chapters and discusses the strengths and limitations of this research. In addition, some practical 
implications of the studies and recommendations for oral hygiene care in nursing home residents 
and for further research in this field are provided.
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Abstract
Objectives: 
To determine nursing staff’s current knowledge on providing oral hygiene care to patients with 
neurological disorders, to develop a structured basic oral examination guideline and flowchart, 
to educate and train the nursing staff practically concerning performing a structured basic oral 
examination, and to compare their perceptions on their knowledge and skills before and after 
education and practical training.
Methods: 
The study was performed at a hospital’s department for patients with neurological disorders in 
the Netherlands. The study was conducted in two Projects: (1) using a questionnaire, several 
aspects of providing oral hygiene care by the nursing staff were examined; (2) a guideline for a 
structured basic oral examination was developed, the nursing staff received training to use the 
guideline, the potential increase of the nursing staff’s knowledge and skills was evaluated using 
a scoring form before and after the education and practical training and their perception on 
performing this examination was assessed using 11 questions.
Results: 
(1) The nursing staff experienced some problems during providing oral hygiene care and 
demonstrated a lack of knowledge on cleansing and handling removable dentures, whereas 
they considered themselves adequately skilled. (2) Education and practical training did not 
improve their knowledge and skills, but enhanced their perception of competence significantly.
Conclusions: 
The nursing staff demonstrated a lack of knowledge. Education and practical training enhanced 
their perception of their knowledge and skills concerning performing a structured basic oral 
examination.
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Introduction
Several hospitalized patients with neurological disorders depend on nursing staff for their daily health 
care. Due to several functional limitations of the limbs, oral motor impairments, neglect, apraxia, and 
hemianopia, oral hygiene self-care is difficult to perform and therefore adequate oral health is difficult 
to maintain [1]. Next to that, oral dysfunction related to oral motor function, mastication, swallowing 
and saliva control may be affected and does not always recover completely during rehabilitation [2]. 
Due to both physical and oral dysfunction, adequate oral health may be threatened, because the 
affected functions hinder this population when performing daily oral hygiene self-care. Consequently, 
the responsibility for completing oral care in neurological patients often falls to the nursing staff. 
Oral health has not been given priority in nursing practice, because there are competing priorities 
regarding the care nurses provide, but it should become a task with higher priority [3,4].
The nursing staff plays an important role in the rehabilitation of patients with neurological 
disorders   re-teaching them the necessary skills to perform independent oral hygiene. By re-
teaching these independent oral hygiene skills, there is potential to improve patients’ hand and 
oral motor functions, thus enabling improved coping and reduced resistant behavior associated 
with neurological complications. This will enable the patients to cope with the complications of 
their diseases [5]. Oral hygiene care can be further complicated by resistant behavior resulting 
in ineffective and labour intensive oral care [6-12]. This requires well-educated, trained and 
competent nursing staff that can provide oral hygiene care, taking into account the patients’ 
functional and behavioral limitations.
Inadequate or absent oral hygiene care reduces oral health, may have a negative impact on 
general health and may cause serious complications [13]. Regular daily oral hygiene care 
reduces the concentration of oropharyngeal bacteria and the consequences of aspiration 
of oropharyngeal secretions. Given the fact that aspiration of oropharyngeal secretions is 
recognized as an important factor in the development of pneumonia, it is necessary to prevent 
this complication [14-19]. Dysphagia increases the risk of developing pneumonia [20,21]. 
Recent studies found a prevalence of dysphagia between 51 and 73% in stroke patients [22,23], 
illustrating the importance of developing and implementing routine oral hygiene care guidelines 
in order to prevent these high-risk patients from developing pneumonia [24,25].
Systematic approaches, such as evidence-based oral hygiene care guidelines, improve 
the quality of oral hygiene care, reduce complications such as ventilator induced aspiration 
pneumonia [26] and increase nursing staff’s awareness and knowledge [9]. Oral assessment is 
recommended for planning and providing appropriate oral hygiene care [27-29]. A randomised 
controlled clinical trial, using guidelines for oral hygiene care to care-dependent older people, 
showed a significant reduction of dental and denture biofilm in the experimental group [30]. 
Previous studies have recommended research on which nursing interventions are effective for 
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oral hygiene care for stroke patients [17,31]. However, more research is needed to provide 
evidence-based oral hygiene care to patients with neurological disorders.
In general, oral health and oral hygiene are overlooked in nursing education [32], as there is no 
particular module which pays special attention to the consequences of insufficient oral health for 
general health [33-36]. Therefore, providing the nursing staff with education about oral health and 
oral hygiene care is necessary. Park & Choi-Kwon (2011) showed that an oral hygiene care education 
programme for the nursing staff in nursing homes was effective in improving the oral hygiene care to 
the residents. This effect was achieved by the enhancement of the nursing staff’s knowledge, attitude 
and behavior. Systematic literature reviews showed that nursing staff’s knowledge and attitude 
towards oral hygiene care improved significantly after oral hygiene care education [17,37].
In order to determine which is the best practice approach to providing oral hygiene care to 
patients with neurological disorders, one needs information about the nursing staff’s current oral 
hygiene care knowledge and skills. Following this, a clinical guideline, flowchart and education 
should be provided in order to improve the knowledge and skills required to provide adequate 
oral hygiene. This article describes two distinct research projects which were performed at a 
hospital’s department for patients with neurological disorders in The Netherlands during the 
period 2008-2011. The objective of Project 1 was to investigate the current nursing staff’s 
knowledge of oral hygiene care. The first objective of Project 2 was to examine the use of a 
clinical guideline and flowchart for performing a structured basic oral examination before and 
after education and training. The second objective of Project 2 was to compare the nursing 
staff’s perception of their knowledge and skills with regard to performing a structured basic oral 
examination before and after education and practical training.
Methods
Setting and sample
Both Projects of the study were carried out in the Department of Neurology of a hospital in The Netherlands. 
Participants of both Projects were the nursing staff of the Department of Neurology, which included 38 
members. Because both Projects were aimed at the nursing staff, patients were not recruited.
Data collection tools
Project 1 involved a questionnaire to be completed by all members of the nursing staff of the Department 
of Neurology. The questionnaire was originally in Dutch and was (later) translated into English for the 
purpose of this article. For Project 2 a newly developed structured basic oral examination was used 
(Figure 1) and the participating members of the nursing staff also completed an 11-item questionnaire 
using Visual Analogue Scale (VAS) before and after their education and training.
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Figure 1 Guideline for a structured Basic Oral Examination
Examination of oral, 
facial and neck area
Examination of upper 
and lower lip
Examination of gums
Is any swelling present in 
the oral, facial and neck 
area? Is the swelling also 
present in the oral cavity?
Note location, shape,  
size and color
Consult physician 
Are the lips dry  or 
chapped?
Are food remnants and/or 
slime present?
Proceed to protocols 
“Tongue care”and  
“Care of oral mucosa”
Are the lip corners 
cracked?
Proceed to Protocol “Lip 
care”
Is (a part of) the oral 
mucosal membrane red, 
painful or dry?
Proceed to Protocol 
“Care of oral mucosa”
Mucositis or denture 
stomatitis may be present
Is herpes labialis/cold sore 
present? Consult physician
Is (a part of) the oral 
mucosal membrane 
covered by a white 
biofilm?
Consult physicianCandidiasis may be present 
The gums are normal 
looking
Gingivitis or periodontal 
disease may be present
Is any aphthous ulcer 
present in the oral mucosal 
membrane?
Consult physician
Proceed to Protocol 
“Tooth brushing and  
gum care”
Proceed to Protocol 
“Tooth brushing and  
gum care”
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
Examination of oral 
mucosa, floor of the 
mouth and tongue 
after removal of 
dentures
Are the gums bleeding 
during tooth brushing or 
eating or spontaneously?
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Ethical considerations
The head of the nursing staff of the Department of Neurology approved the study and collaboration 
was granted. During Project 2, patients received their usual nursing care and were not involved in
testing any new care interventions. Collected data of patients during basic oral examination were 
only used to check whether the same data were found by the nursing staff and the investigators.
Data collection
For Project 1, a questionnaire was developed by the research team in order to evaluate general 
information, experiences and knowledge of the provided oral hygiene care. Questionnaires were 
distributed to all members of the nursing staff. The data collection took place in January 2008. 
All members had four weeks to complete the questionnaire. 
The questionnaire contained three general questions and nine questions about several aspects 
of providing oral hygiene care to patients with neurological disorders (Table 1):
•	 	Three general questions about gender, age and number of years of working experience 
respectively;
•	 	Four questions about experiences during providing oral hygiene care, three with two response 
options and one open question;
•	 	Four statements about one’s knowledge of providing oral hygiene care with two response 
options;
•	 	One question about the currently recommended oral examination guideline, with two 
response options.
At the start of Project 2 a guideline for a structured basic oral examination of patients with neurological 
disorders was developed by a dental hygienist and two nurses of the Department of Neurology. 
This teamwork guaranteed the multidisciplinary character of the guideline by combining the 
knowledge and the practical experience of the three health care providers. The guideline includes 
information on the relevant extra and intra oral anatomical structures, information on the (sequence 
of the) examination to be performed and instructions on how to use the result of the examination for 
deciding on the appropriate individual oral hygiene care. When additional individual oral hygiene 
care is needed, protocols are available for lip, tongue and oral mucosa care and for tooth brushing 
and gum care. The development of the guideline and protocols took place from September 2008 
till July 2009. The protocols are not presented in this article.
Four investigators were trained to use the guideline and they tested it by independently performing 
structured basic oral examinations of four patients with neurological disorders, using a scoring 
form containing nine items which need to be assessed when performing an oral examination 
(Figure 2). After each sequence of oral examinations of one patient by the four investigators, they 
compared their scores of the nine items of the scoring form. The differences were discussed and
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minor adjustments of the guideline were made in order to improve the guideline. Subsequently, the 
four investigators were educated to observe the members of the nursing staff when they performed 
a structured basic oral examination, using the scoring form. They were calibrated by subsequently 
observing five members of the nursing staff independently. After each sequence of oral 
examinations of one patient by the four investigators, the results were compared. The differences 
were discussed and minor adjustments of the observation instructions and the guideline as well 
as the scoring form were made in order to improve the inter investigator reliability and face validity.
The education and practical training and data collection took place from January 2010 till April 2010. 
For the main part of Project 2, every member of the nursing staff did two individual standardized 
practical training sessions with the four calibrated investigators on performing a structured basic oral 
examination in accordance with the newly developed guideline. To examine whether the knowledge 
and skills with regard to the performance of a structured basic oral examination would improve after 
the education and practical training, the nursing staff as well as the investigators performed structured 
basic oral examinations using the scoring form before and 12 weeks after the education and practical 
training. The results of the examinations by a member of the nursing staff and by an investigator were 
compared. A conformity level of 80% for each item on the scoring form was considered acceptable.
On top of that, the nursing staff’s perception of their knowledge and skills concerning the performance 
of a structured basic oral examination was assessed before and after the education and practical 
training using 11 questions whose answer scores were shown on a visual analogue scale (VAS) 
[38]. Nine questions were about the nursing staff’s perception of having sufficient knowledge about 
several extra and intra oral anomalies and pathologic conditions and two questions were about their 
perception of being competent in judging a removable denture’s condition and an oral hygiene 
condition (Table 3).
Data analysis
The quantitative research data of Project 1 from the completed questionnaires were analyzed 
using SPSS 18.0. For Project 2, data were also analyzed using SPSS 18.0. A Sign test was 
used to compare the results of the structured basic oral examinations by the investigators and 
the nursing staff (α = 0.05). The VAS scores at baseline and at 12 weeks were analyzed by the 
Paired-t test (α = 0.05). 
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Results
Project 1: Questionnaire about knowledge of oral hygiene care
Thirty-eight questionnaires were distributed and 18 members of the nursing staff (47%) completed 
the questionnaire. The results are presented in Table 1. The nursing staff experienced some 
specific practical problems when providing oral hygiene care due to their patients’ neurological 
disorders, such as restricted mouth opening (61%), refusing oral hygiene care (22%) and 
decreased consciousness (11%). Tongue cleansing was experienced as unpleasant by both the 
nursing staff and their patients (61%). A remarkable finding was that all respondents indicated 
correctly that poor oral hygiene might cause aspiration pneumonia. More than 75% of the 
respondents did not know the relevant aspects of handling and cleansing removable dentures. 
However, 83% of the respondents considered themselves sufficiently skilled to provide oral 
hygiene care and 67% considered their knowledge of providing oral hygiene care as sufficient. 
Furthermore, eleven respondents (61%) perceived themselves competent to perform an oral 
examination. More than 80% answered that the currently recommended guideline for performing 
an oral examination was not familiar to them.
Project 2: Structured basic oral examination
At the start of Project 2, 26 members of the nursing staff of the Department of Neurology were 
available for the education and practical training. During Project 2, six members were excluded 
because they were transferred to another department, quit their job or did not finish the practical 
training, leaving data available of 20 members of the nursing staff. Eighteen of these 20 
participating members of the nursing staff also participated in Project 1. 
Before the education and practical training, the scores of all members of the nursing staff and 
investigators were identical on two items on the scoring form and at least 16, but not all members of 
the nursing staff scored the same as the investigators on six items on the scoring form. This means 
that the required conformity level of 80% was achieved in eight of the nine items (Table 2). After the 
education and practical training, the scores of all members of the nursing staff and investigators 
were identical on three items on the scoring form. At least 16, but not all members of the nursing staff 
scored the same as the investigators on five items on the scoring form. This means that the required 
conformity level of 80% was achieved in eight of the nine items. Before the education and practical 
training there was agreement between 15 members of the nursing staff and investigators on the item 
‘Is any aphthous ulcer present in the oral mucosal membrane?’ After the education and practical 
training there was agreement between all 20 of them: a significant improvement (Table 2). 
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Table 2 Conformity level of the nine items of the structured basic oral examination by the 20 members of the 
nursing staff and the four investigators before and after education and practical training 
Item Before After
Is any swelling present in the oral, facial and neck area? 19 (95%) 19 (95%)
Are the lips dry or chapped? 16 (80%) 15 (75%)
Are the lip corners cracked? 20 (100%) 20 (100%)
Is herpes labialis/cold sore present? 20 (100%) 19 (95%)
Are food remnants and/or slime present? 17 (85%) 18 (90%)
Is (a part of) the oral mucosal membrane red, painful or dry? 18 (90%) 17 (85%)
Is (a part of) the oral mucosal membrane covered by a white biofilm? 17 (85%) 20 (100%)
Is any aphthous ulcer present in the oral mucosal membrane? 15 (75%) 20 (100%)
Are the gums bleeding during tooth brushing or eating or spontaneously? 19 (95%) 19 (95%)
Before the education and practical training, the nursing staff expressed their incompetence regarding 
knowledge and skills concerning the performance of a structured basic oral examination. The lowest 
mean VAS score (25) was found on the item ‘Do you have sufficient knowledge about pathology of 
edentulous gums?’, whereas the highest mean VAS score (48) was found on the item ‘Do you perceive 
yourself competent to judge an oral hygiene condition?’ (Table 3). After the education and practical 
training, the nursing staff expressed, for almost all items, that they had sufficient knowledge and 
perceived themselves competent to perform a structured basic oral examination. On all items statistically 
significant improvements were found after the education and practical training, when compared to the 
situation before these took place ( α = 0.05; P < 0.05) (Table 3).
Table 3 Means in mm on the VAS of items of the nursing staff’s perception of their knowledge and skills 
concerning the performance of a structured basic oral examination before and after education and practi-
cal training and the mean increases with standard deviations (±)
Item Mean before-
Mean after
Mean 
 increase 
1  Do you have sufficient knowledge about  facial anomalies? 42 – 63 21 ± 4.1
2   Do you have sufficient knowledge about oral labial pathology? 44 – 69 25 ± 4.2
3   Do you have sufficient knowledge about  buccal mucosal pathology? 38 – 67 29 ± 4.1
4  Do you have sufficient knowledge about   palatal pathology? 33 – 62 29 ± 4.3
5   Do you have sufficient knowledge about   the potential conditions of 
dentate gums?
45 – 68 23 ± 4.1
6  Do you have sufficient knowledge about salivary anomalies? 33 – 63 30 ± 5.3
7   Do you have sufficient knowledge about  tongue pathology? 35 – 68 33 ± 4.3
8   Do you have sufficient knowledge about  pathologic condition of teeth? 41 – 62 21 ± 3.6
9   Do you have sufficient knowledge about  pathology of edentulous gums? 25 – 60 35 ± 5.1
10  Do you perceive yourself competent to judge a removable denture’s 
condition?
27 – 58 31 ± 4.8
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Discussion
The objective of Project 1 was to determine the nursing staff’s current knowledge about providing 
oral hygiene care. A significant lack of knowledge of the relevant aspects of handling and 
cleansing removable dentures was found. Furthermore, they experienced several problems when 
providing oral hygiene care, predominantly a restricted mouth opening and the unpleasantness 
of tongue cleansing, experienced by both patients and themselves. Moreover, the currently 
recommended guideline for performing an oral examination was not familiar to most of them. 
The nursing staff reported problems with patients who refused oral health care. Refusing patients 
cause perceptions of insecurity among the nursing staff during the providing of oral hygiene 
care, inducing them to consider performing oral hygiene care as an unpleasant care task [3,6-
12,39,40].
Despite the lack of knowledge, a majority of the nursing staff expressed that they had sufficient 
knowledge and skills concerning providing oral hygiene care and that they perceived themselves 
competent to perform an oral examination. These results revealed an objective lack of knowledge 
among the members of the nursing staff, which was not experienced subjectively by the majority 
of them, suggesting that education in providing oral hygiene care is required. The requirement 
of education together with the fact, that the currently recommended guidelines for performing 
an oral examination was not familiar to most of the members of the nursing staff, were the 
incentives to start the education at the very beginning. Surely, to determine which oral hygiene 
care is needed, first a structured basic oral examination must be performed. Therefore, a new 
flowchart and a guideline for a structured basic oral examination were developed, which enabled 
the nursing staff to determine and provide individual oral hygiene care.
The first objective for Project 2 was to examine the use of a clinical guideline and flowchart 
for performing a basic oral examination before and after education and training. Actually, 
the education and practical training did not improve their practical performances. Probably, 
they were already able to perform a structured basic oral examination adequately before the 
education and practical training took place. A potential explanation for this result is that the newly 
developed structured basic oral examination is easy to use, enabling the nursing staff to follow 
the guideline without education and practical training. More research is needed to confirm this 
potential explanation.
The second objective of Project 2 was to compare the nursing staff’s perception of their 
knowledge and skills with regard to performing a structured basic oral examination before and 
after the education and practical training. The results showed that the education and practical 
training had enhanced the nursing staff’s perception of their knowledge and skills in a statistically 
significant way. However, before the education and practical training, they had already proven in 
practice, that they were able to do this adequately. A recent study demonstrated that perceptions 
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of insecurity about being well- trained practically can create barriers when providing oral hygiene 
care [12]. Probably, in the current study, education and practical training were needed to enhance 
the nursing staff’s perception of competence.
It is of great concern to repeat the oral hygiene care education and practical training. Through 
repeated education and practical training, the nursing staff will be encouraged to improve their 
knowledge and skills concerning individual oral hygiene care [23,41,42]. Repeated education 
and practical training ensure that the nursing staffs have up-to-date evidence-based knowledge 
about individual oral hygiene care. However, a recent systematic review showed that oral health 
care education may have a positive effect on nurses’ oral health care knowledge and attitude, 
but any effect on nurses’ oral hygiene care skills could not yet be found in the literature [37].
There were certain limitations to both Projects in this study. Project 1 had the limitation that 
only a small number of questionnaires were completed and returned by the members of the 
nursing staff. Another limitation was that the results may have been influenced by socially 
desirable responses by the nursing staff. Furthermore, this study took place in one hospital and, 
therefore, the findings cannot be generalized. Similar research at Departments of Neurology in 
other hospitals is needed to confirm the findings. Limitations of Project 2 were that the group 
of participating members of the nursing staff was relatively small and that not every member of 
the nursing staff had taken part in the education and practical training. Next to that, there was 
no control group available. Besides the education, unknown variables may have influenced the 
participating members of the nursing staff and may have caused some bias. A future study 
or project could assess knowledge and skills together with the practical performance of the 
individual oral hygiene care by the nursing staff.
Conclusions
Project 1 of this study has demonstrated a significant lack of knowledge about oral hygiene care 
among the nursing staff, whereas, contradictorily, this lack of knowledge was not experienced 
subjectively by the majority of them. Moreover, the nursing staff experienced several specific 
practical problems when providing oral hygiene care. Project 2 has demonstrated that before 
the education and practical training took place, the nursing staff had expressed that they did 
not have sufficient knowledge and perceived themselves not competent to perform a structured 
basic oral examination of patients with neurological disorders. Nevertheless, they showed that 
they were able to perform a structured basic oral examination adequately and the education and 
practical training did not improve their examination performances. The education and practical 
training did enhance their perception of their knowledge and skills concerning the performance 
of a structured basic oral examination in a statistically significant manner. Education and practical 
training for nursing staff in order to provide individual oral hygiene care adequately is needed 
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to diminish any barriers which are experienced when providing individual oral hygiene care. 
Repeated education ensures that the nursing staffs have up-to-date evidence-based knowledge.
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Abstract
Introduction: 
Pneumonia is an important cause of death in care home residents. Dysphagia and poor oral 
health are significant risk factors for developing aspiration pneumonia. Oral hygiene care 
reduces the number of oral bacteria and the risk of aspiration pneumonia. However, it is not 
clear yet which oral hygiene care intervention is most efficacious in reducing the risk of aspiration 
pneumonia. The aim of the study is to assess whether the application of a 0.05% chlorhexidine-
containing solution in addition to the usual daily oral hygiene care reduces the incidence of 
pneumonia in physically-disabled care home residents with dysphagia.
Methods and analysis: 
The study was designed as a multicentre cluster randomized controlled clinical trial, with care 
homes as units of randomization. During one year, 500 physically-disabled care home residents 
with dysphagia will be followed. The intervention consists of applying a 0.05% chlorhexidine-
containing solution twice daily, immediately after the usual oral hygiene care, whereas the control 
group receives no application after the usual oral hygiene care. The primary outcome is the 
incidence of pneumonia diagnosed by a physician, using a set of strictly described criteria. The 
effect of the intervention on the incidence of pneumonia will be determined using a Cox regression 
analysis. The secondary outcomes are correlations between incidence of pneumonia, age, 
gender, diagnosed diseases, dysphagia severity, care dependency, actually used medication, 
number of teeth and implants present and the presence of removable dentures. 
Ethics and dissemination: 
Ethical approval was obtained from the Medical Ethical Committee of Radboud university 
medical centre: NL.nr: 41990.091.12. Written and informed consent will be obtained from all 
participating care homes and residents. The study’s findings will be published in peer-reviewed 
journals.
Trial registration number: 
The trial has been registered in The Netherlands in the National Trial Register: TC = 3515.
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Introduction 
In care homes, pneumonia is the second most common infection after urinary tract infection, and 
the leading cause of death from infection [1]. The incidence of pneumonia in care homes is tenfold 
the incidence of pneumonia in the community [2]. The risk of developing aspiration pneumonia 
in care home residents is also higher than in community-dwelling older people [3]. Aspiration, 
with the risk of developing aspiration pneumonia, is defined as the inhalation of oropharyngeal or 
gastric contents into the larynx and lower respiratory tract [4]. Dysphagia is involved in developing 
aspiration pneumonia [5]. A meta-analysis on dysphagia and aspiration pneumonia in frail older 
people confirmed that dysphagia is a significant risk factor for aspiration pneumonia with frail 
elderly people (OR = 9.84; 95% CI = 4.15 - 23.33), particularly with elderly people suffering from 
cerebrovascular disease (OR = 12.93; 95% CI = 8.61-19.44) [6]. Poor oral hygiene care in care 
homes causes the  accumulation of dental plaque and colonization of oral surfaces and dentures 
with respiratory pathogens. Aspiration of these pathogens might cause lower respiratory tract 
infections such as pneumonia [7-10]. It is not the type of oral bacteria, but the amount of inhaled 
bacteria which is an important factor in developing aspiration pneumonia [11].
Care home residents often depend on nurses for their daily oral hygiene care. It has been found 
that care home residents in several countries have poorly cleaned teeth and removable dentures 
[12]. Although it has been suggested that oral hygiene care, such as  brushing the teeth after 
each meal, cleansing dentures once daily, and professional oral health care once weekly, reduce 
the number of oral bacteria in care home residents sufficiently, it is not quite clear which oral 
health care intervention is most efficacious in reducing the risk of aspiration pneumonia [8,13,14]. 
A systematic review and meta-analysis has found a significant reduction of pneumonia in an 
intensive care unit among cardiac surgery patients receiving mechanical ventilation and oral 
hygiene care with different concentrations of chlorhexidine gluconate solutions. No significant 
reduction was found among non-cardiac surgery patients [15]. To our knowledge, no data are 
available on the reduction of pneumonia in care home residents using a chlorhexidine-containing 
solution additional to their daily oral hygiene care.  
 
Recently, literature published between January 2000 and April 2009 was systematically reviewed 
in order to find risk factors of aspiration pneumonia in frail elderly  people [16]. The following 
risk factors could be identified: age, male gender, lung diseases, dysphagia, diabetes mellitus, 
severe dementia, angiotensine I-converting enzyme deletion/deletion genotype, poor oral health, 
malnutrition, Parkinson’s disease, the use of antipsychotic drugs, and the use of proton pump 
inhibitors. It was suggested that the presence of two or more of these risk factors could be an 
indicator that specific preventive oral health care is necessary for  attempting to reduce the risk 
of developing aspiration pneumonia [16].
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Enrollment
Care homes declined  
to participate (n=  )
Excluded participants (n=   ) 
-  Reason for exclusion
Allocated to intervention group for 1 year (n=250)
•  Receiving usual daily oral hygiene care and 
0.05% chlorhexidine containing solution 
Allocated to control group for 1 year (n=250)
• Receiving usual daily oral hygiene care 
Randomisation and recruitment  
care homes (n=  )
Participants assessed for 
dysphagia by speech therapist 
(n=  )
Drop-outs (n = )
- Reason to drop-out
• Analysed  (n= )
• Excluded from analysis (n= )
 -  Reason for exclusion
• Incidence of pneumonia (n= )
• Analysed  (n= )
• Excluded from analysis (n= )
 -  Reason for exclusion
• Incidence of pneumonia (n= )
Drop-outs (n= )
- Reason to drop-out
Allocation
Measurement: age, gender, diseases 
diagnosed, care dependency, medications 
used actually , number of teeth and implants, 
presence of removable dentures
Analysis
Figure 1 Flow chart of multicentre cluster randomized controlled clinical trial
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The results of the aforementioned studies showed that frail older people have a high risk of 
dysphagia with, as a consequence, a higher risk of developing aspiration pneumonia than 
individuals without dysphagia, and that the application of a chlorhexidine-containing solution 
in addition to usual daily oral hygiene care may reduce the risk of developing aspiration 
pneumonia. Therefore, the aim of the study is to assess whether the application of a 0.05% 
chlorhexidine-containing solution in addition to daily oral hygiene care reduces the incidence of 
pneumonia in physically-disabled care home residents with dysphagia. 
Study objectives
The objectives of the study are rendered in the following research questions:
1.  Is there any statistically significant difference with regard to the incidence of (aspiration) 
pneumonia between physically-disabled care home residents with dysphagia, who in 
addition to their usual daily oral hygiene care use a 0.05% chlorhexidine-containing solution 
(intervention group) and physically-disabled care home residents with dysphagia, who only 
receive the usual daily oral hygiene care (control group)?
2.  Is there any statistically significant correlation between age, gender, diagnosed diseases, 
dysphagia severity, care dependency, actually used medication, the number of teeth and 
implants present, and the presence of removable dentures and the incidence of pneumonia 
in physically-disabled care home residents with dysphagia who did or did not apply a 0.05% 
chlorhexidine-containing solution to their usual oral hygiene care?
Methods and analysis
Study design and setting
This study protocol was developed in accordance with the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines [17]. The study design is a multicentre cluster randomized controlled 
clinical trial, with care homes as units of randomization (Figure 1). The study will be performed in 
different care home units in The Netherlands. After approaching the care homes, the care homes 
will be allocated randomly to either the intervention group or the control group, assigned by lot. 
The sample size of the participants in both groups will be monitored. The enrolment of all care 
home units will take place at different moments within one year. However, in one care home unit 
all participants will start  at the same time. 
Power calculation 
Based on a power calculation, 500 physically-disabled care home residents with dysphagia 
will be followed during one year. The care homes are the units of randomization and will be 
allocated randomly to the intervention or control group (Figure 1). Factors taken into account 
in the sample size calculations are the distribution of the outcome variable in the population (σ) 
and the presumed effect of the intervention (μ1 – μ2), the requested power (1-β), the alpha (α) 
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and the value of the intraclass correlation (design effect). The primary formula used to calculate 
the sample size is: 
Calculating the power, the incidence of pneumonia in care home residents is, in agreement with 
not internationally published incidence data for the year 2011, largely assessed as 25% [18], the 
presumed reduction of the incidence is 40%, the requested power is 0.8, and the alpha is 0.05. 
If the true relative risk of failure of residents of the intervention group relative to residents of the 
control group is 0.6, 250 residents are needed in the intervention group and 250 residents in the 
control group in order to be able to reject the hypothesis that the  risk difference equals 0% with 
probability (power) 0.8.
Recruitment of care homes and participants 
The care homes will be selected from a database. Care home units with residents for short-term 
care or  with cognitively-impaired residents (mainly suffering from dementia) will be excluded 
from this study. After recruiting the care homes, the care homes will randomly be allocated to 
either the intervention group or the control group assigned by lot. The care homes will receive 
information on the study in detail by post and e-mail. After this mailing, all care homes will be 
called. If the care home agrees to participate, the principal investigator (VH) will organize an 
information meeting. Written informed consent by the board of the care home will be received 
before the start of the study. After this informed consent, recruitment of residents will take place. 
Only physically-disabled residents with dysphagia are eligible to participate. 
In The Netherlands, care homes contain somatic and psychogeriatric wards of primarily 
physically-disabled residents and/or primarily cognitively-impaired residents respectively. The 
most common medical diagnoses in primarily physically-disabled residents are cerebrovascular 
accidents (26%), other neurological diseases (7%), post hip surgery status and other locomotor 
disorders (30%), malignancies (8%) and other miscellaneous diagnoses (29%) [19].More than 
85% of residents of psychogeriatric wards suffer from dementia. Most residents show a wide 
range of disabilities and handicaps, affecting autonomous activities of daily living, personal care, 
mobility and mental functions. The nursing staff, speech therapist and the responsible elderly 
care physician [20] indicate if the resident on a somatic ward is cognitively and physically able to 
participate and is able to conduct the given instructions by the nursing staff.
Participants are recruited by a physician and a speech therapist of the care home. The recruited 
residents or their legal representatives will receive information, both by word of mouth and 
written, about the study. An information letter and the informed consent letter will be presented 
by the principal investigator or the nursing staff. Before giving their written informed consent, 
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participants and/or their legal representatives  will be given the opportunity to ask additional 
questions  about the study.
Inclusion 
Residents will be included when they meet the following criteria: aged 65 years or older, 
physically-disabled and diagnosed with dysphagia. Dysphagia is defined as: ‘Difficulty with any 
stage of swallowing (oral, pharyngeal, esophageal) and dysfunction in any stage or process of 
oral intake; includes any difficulty in the passage of food, liquid, or medicine during any stage of 
swallowing that impairs the client’s ability to swallow independently or safely’ [21]. In this study, 
dysphagia will be determined as a dysfunction in the process of oral intake using the Functional 
Oral Intake Scale (FOIS) [22,23]. The FOIS  reflects the functional oral intake of patients with 
dysphagia and has  adequate reliability, validity, and sensitivity to change in functional oral intake 
in stroke patients [23,24]. It is a 7-point scale (level  1 to 7), developed to systematically rate the 
functional level of oral intake of food and liquid. Residents with level 1 (nothing by mouth) till level 
6 (total oral diet with multiple consistencies without special preparation but with specific food 
limitations) will be included. Level 7 shows a total oral diet with no restrictions and therefore no 
dysphagia. Dysphagia will be diagnosed by a speech therapist.
Residents who are cognitively impaired (mainly suffering from dementia), in a coma or vegetative 
state, terminally ill, dependent on mechanical ventilation, in day-care, in short-term care, or already 
using an oral hygiene care solution will be excluded. A physician has to withdraw a resident 
from the study when the resident’s conditions have altered according to one of the exclusion 
criteria. However, in case pneumonia is the reason of the condition alteration, the pneumonia will 
be registered as a case with respect to the outcome variable. Withdrawn residents will not be 
replaced because otherwise in order to determine the incidence of pneumonia significant bias 
would be introduced by replacement. 
Intervention and control group
The intervention consists of applying a 0.05% chlorhexidine-containing solution (Perio-aid® 
Maintenance 0.05%, Dentaid BeNeLux BV) twice daily immediately after the usual oral hygiene 
care. The application method depends  on the severity of the dysphagia. The speech therapist 
indicates the application method by considering the FOIS-level with  respect to  the toleration 
of thin liquids by  the resident. Residents who tolerate thin liquids have to rinse with the 0.05% 
chlorhexidine-containing solution for 30 seconds twice daily immediately after the usual oral 
hygiene care. Residents with severe dysphagia, who cannot tolerate thin liquids have to clean their 
teeth, gums, tongue, palate, and buccal mucosa with a gauze containing a 0.05% chlorhexidine-
containing solution twice daily, immediately after the usual oral hygiene care. The control group 
receives the usual oral hygiene care without addition of an oral rinse. In both groups, the usual 
oral hygiene care is not standardized. When the usual oral hygiene care would be standardized, 
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this would be an intervention as well and no effect of the additional chlorhexidine-containing 
solution could be established. 
Monitoring
In the intervention group, the application of the chlorhexidine-containing solution will be guided 
and monitored after each period of two weeks by a group of visiting study assistants who have 
been  instructed by the principal investigator about the use of  a strict guiding and monitoring 
protocol. Every study assistant will visit the same care home ward(s) each time. In each care 
home, two trained internal study supervisors will monitor the usual daily oral hygiene care, 
including the application of the chlorhexidine-containing solution. The internal study supervisors 
will be nurses, dental hygienists or dentists. After every two weeks, the study assistants will 
monitor  whether the chlorhexidine-containing solution has been used. The study assistants will 
monitor the  potential side effects of the chlorhexidine-containing solution by oral assessments 
and by evaluations with the internal study supervisors. After each visit, the study assistants will 
report their findings using a standardized Clinical Report Form (CRF). The principal investigator 
will visit the intervention groups to evaluate the study with the internal study supervisors after six 
and twelve months after the start  of the study. During those visits, the  principal investigator will 
also do  oral assessments with the participants in the intervention group for potential side effects 
of the chlorhexidine-containing solution. On top of that , the control groups will be monitored 
with the same monitoring protocol after each period of four weeks. In the control groups, the 
principal investigator will evaluate the study with the internal study supervisors at six months and 
at the end of the study. No follow-up monitoring of the participated care home  residents will take 
place after the end of the study. 
Data collection
Research data will be gathered at baseline by the principal investigator (the first author of this 
article) and the assistant examiners (dental hygienists and bachelor dental hygiene students). The 
assistant examiners are educated by the principal investigator to perform a short standardized 
oral examination and to gather data from the residents’ medical records. This short standardized 
oral examination will determine the number of teeth and implants present and the presence 
of removable dentures. The following additional data are gathered from the patient’s medical 
record: age, gender, diagnosed diseases and actually used medication. An overview of the data 
which will be collected is presented in Table 1. Subsequently, the level of care dependency will 
be determined by a care provider using the Care Dependency Scale [25].
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Table 1 Data collected, outcomes, scales, and collection moment 
Data Outcomes / scales Collection moment
Functional Oral 
Intake Scale 
Level 1: Nothing by mouth.
Level 2:  Tube dependent with minimal attempts of food 
or liquid.
Level 3:  Tube dependent with consistent oral intake of 
food or liquid.
Level 4: Total oral diet of a single consistency.
Level 5:  Total oral diet with multiple consistencies, but 
requiring special preparation or compensations.
Level 6:  Total oral diet with multiple consistencies without 
special preparation, but with specific food 
limitations.
Level 7: Total oral diet with no restrictions.
Baseline
Care Dependency 
Scale 
Completely care dependent, score < 25
To a great extent care dependent, score  25-44 
Partially care dependent, score 45-59 
To a limited extent care dependent, score 60-69 
Almost independent, score > 69 
Baseline 
Patient’s medical 
record
Gender, age 
Medical diagnoses and medications used actually
Baseline
Oral examination Number of teeth and implants, presence of removable 
dentures
Baseline
Pneumonia A set of strictly described criteria When symptoms 
occur during study
In case  symptoms of pneumonia occur in the participating residents during this study, they will 
be physically examined by a physician. If pneumonia is  diagnosed, the physician will inform the 
principal investigator in order to register the pneumonia as a case with respect to the outcome 
variable. The diagnosis and related clinical symptoms of pneumonia will be registered using 
a Clinical Report Form (CRF). When a participant has more than one episode of pneumonia 
during the trial, all episodes will be monitored and reported. Any other alternations in medical 
conditions of the participant, such as hospitalisation, death or discontinuation of the study, will 
be reported by the physician using different CRFs. All CRFs will be collected by the assistant 
examiners every two weeks. Figure 1 presents a flow chart of the multicentre cluster randomized 
controlled clinical trial. 
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 50
Study protocol - the effect of the daily application of a 0.05% chlorhexidine solution on the incidence of (aspiration)  
pneumonia in care home residents: Design of a multicentre cluster randomized controlled clinical trial
50
Outcome measures
The primary outcome variable is the incidence of pneumonia diagnosed by a physician, using 
a set of strictly described criteria. Since uniform criteria for diagnosing pneumonia in care home 
residents are lacking, a set of criteria will be assessed by a Delphi-panel of experts before the 
start of the study. To determine the incidence of pneumonia, every episode of pneumonia with 
the included residents within the study period of one year, will be registered. 
Secondary outcomes are correlations between age, gender, diagnosed diseases, dysphagia 
severity, care dependency, actually used medication, number of teeth and implants present, 
and presence of removable dentures and the incidence of pneumonia in physically-disabled 
care home residents with dysphagia who did or did not apply a 0.05% chlorhexidine-containing 
solution to their usual oral hygiene care.
Statistical analysis
The categorical and continuous variables will initially be subjected to an exploratory data 
analysis, applying  a variety of mostly graphical methods and methods for testing the necessary 
assumptions. The effect of the intervention on the incidence of pneumonia will be determined 
using a Cox regression analysis. The intervention will be the independent variable, whereas 
the dependent variable is the occurrence of pneumonia.  In addition to this main analysis, the 
influence of the other research variables on the incidence of pneumonia will be determined 
using an elaborate Cox regression analysis (age, gender, diseases diagnosed, dysphagia 
severity, care dependency, actually used medication, number of teeth and implants present, and 
presence of removable dentures). These variables can be used in case any imbalance emerges 
in the clustering of the care homes.  In this survival model, a frailty model which aims to account 
for heterogeneity caused by unmeasured covariates, will be included to take into account the 
clustering of data within care homes. A 95% confidence interval will be used with all estimated 
values. Recording the moment and the reason of withdrawal of participating residents facilitates 
the use of the data gathered from all participating residents for statistical analysis, even if they 
were withdrawn prematurely.
Ethics and dissemination
The study is conducted according to the principles of the Declaration of Helsinki (version 7c, 
2004) and in accordance with the Medical Research Involving Human Subjects ACT (WMO). 
The Medical Ethical Committee of the Radboud university medical center has approved the 
study (NL.nr:41990.091.12). The trial has been registered in The Netherlands in the National Trial 
Register: TC = 3515. Written and informed consent will be contained from all participating care 
homes and care home residents.  In case a resident is incapacitated, their  legal representative 
will be asked to consent instead. Regardless of informed consent, signs of objection expressed 
by the resident or deterioration of their health will be closely monitored. If any objection or 
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deterioration of their health occurs, the study will be stopped immediately. Possible adverse 
events related to study participation will also be monitored closely. Implementation and conduct 
of the study will be monitored by the investigators (authors). Clinical Report Forms  (CRF) will 
be handled and stored confidentially. These CRFs and residents’ personal data will be stored in 
two different files in order to ensure confidentiality. The data from both files cannot be traced to 
the participating residents. To safeguard these files, only the investigators have access to them 
by using a password. The results of this study will be published in peer-reviewed journals and in 
relevant news channels for clinicians. Duplicate publication will be avoided.
Discussion
Using cluster randomization may result in random effect and cluster selection bias. Therefore, 
a frailty model which aims to account for heterogeneity, caused by unmeasured covariates, will 
be included in the Cox regression analysis to take into account the clustering of data within care 
homes.
Chlorhexidine is a widely used oral rinse and often applied in critically ill populations [26,27]. 
Adverse effects due to chlorhexidine are rare, but have been reported. Very rarely, applying 
a chlorhexidine-containing solution causes an allergic and/or hypersensitivity reaction. Other 
side effects are discolouration of teeth, removable dentures, mucosa or tongue, temporary 
taste disorder, swelling of salivary glands, and pain. However, these side effects may present 
themselves when using a concentration of 0.2%, but very rarely when using a lower concentration, 
whereas the concentration used in this study is 0.05%. Oral ingestion of chlorhexidine is usually 
tolerated well because of the negligible systemic absorption [10].
Although it is not possible to comment on the effectiveness of the intervention in advance, the 
benefits for the residents in the intervention group may be a better oral hygiene status and 
oral health condition and, consequently, a reduction of the risk of developing pneumonia. The 
favourable results of studies about using chlorhexidine to prevent pneumonia with patients who 
depend on  mechanical ventilation, are promising for a similar result in preventing aspiration 
pneumonia in physically-disabled care home residents with dysphagia [28]. Literature shows 
that structured, adequate oral health care is necessary for the maintenance and improvement of 
the quality of life of elderly  people [29,30]. Preventing aspiration pneumonia by improving oral 
health care may be a significant contribution to the quality of life of care home residents.   
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Abstract
Background: 
In nursing home residents, it is not possible to distinguish pneumonia and aspiration pneumonia 
clinically. International literature reveals no consensus on which and how many characteristics 
and risk indicators must be present to diagnose (nursing home-acquired) pneumonia and 
aspiration pneumonia. The aim of this survey was to reach consensus among a panel of clinical 
medical experts in geriatrics and pulmonology about the characteristics required for diagnosing 
pneumonia, and about the risk indicators needed to consider the diagnosis aspiration pneumonia 
in nursing home residents with pneumonia.
Methods: 
Literature review and three expert-rating iterations using the electronically-modified Delphi Method 
were carried out. After each expert rating iteration, data analysis was performed. Qualitative 
responses and additional (nursing home-acquired) pneumonia characteristics which were 
mentioned in reply to structured open-ended questions were summarised, whilst similar responses 
were combined and these combinations were ordered by frequency in order to use them in the 
next iteration. Characteristics which failed to reach consensus were considered as inconclusive 
and eliminated. Consensus was reached when at least 70 % of the participants agreed.
Results: 
Literature review revealed 16 currently used common characteristics for diagnosing (nursing 
homeacquired) pneumonia. No consensus was reached about characteristics and the number 
of characteristics required for diagnosing (nursing home-acquired) pneumonia. However, 57 
% agreed that dyspnea, fever, deterioration of general functioning, tachypnea and crepitation 
with auscultation are the most important characteristics and the responses by the participants 
suggested that two or three characteristics should be present. Subsequently, 80 % of the 
participants agreed on the risk indicators dysphagia, choking incident, (history of) tube feeding, 
neurological disease and cognitive impairment for considering the diagnosis aspiration 
pneumonia in nursing home residents
Conclusions: 
No final consensus could be reached about which and how many characteristics are required 
for diagnosing pneumonia in nursing home residents. However, the results indicated that 
dyspnea, fever, deterioration of general functioning, tachypnea and crepitation with auscultation 
are characteristics of some importance and that at least two or three characteristics should 
be present. With regard to considering aspiration pneumonia in nursing home residents with 
pneumonia, final consensus was reached about the risk indicators dysphagia, choking incident, 
(history of) tube feeding, neurological disease and cognitive impairment.
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Background
Pneumonia is a serious lung infection and can be a life threatening disease in nursing home 
residents [1]. The incidence of nursing home-acquired pneumonia (NHAP) is tenfold the 
incidence of community-acquired pneumonia (CAP) [2]. The mortality rate of NHAP is higher 
than the mortality rate of CAP, and NHAP is a leading cause of death in nursing home residents 
[3–5]. Less differences were found in the aetiology of NHAP and CAP [4,6]. Streptococcus 
pneumonia is the most important pathogen in both pneumonias, whereas Staphylococcus 
aureus was frequently more present in NHAP than in CAP [4,7]. Aspiration pneumonia is another 
specific type of pneumonia which frequently appears in nursing home residents due to the 
inhalation of colonised oropharyngeal material or gastric contents into the larynx and the lower 
respiratory tract [8]. 
In daily nursing home practice, it is difficult to diagnose (the three types of ) pneumonia because 
it is not possible to distinguish the types clinically, and because specific markers are not 
available [9,10]. Aspiration pneumonia in particular can be difficult to diagnose, because usually 
the moment of aspiration cannot be observed or the aspiration occurs “silently” [8]. Therefore, 
chest radiographic examination with fluoroscopy is needed to confirm the diagnosis of both 
pneumonia and aspiration pneumonia [8,11]. However, chest radiographic examinations are 
seldom possible in nursing homes. Many nursing home residents suffer from terminal dementia. 
Consequently, they require appropriate care for their acute condition and specialized care for 
their chronic conditions. There is strong evidence that admission to a hospital results in a higher 
risk of iatrogenic complications [12,13]. To prevent these complications, transferring a resident 
to a hospital to perform a chest radiographic is not recommended.
Therefore, it is of great concern to recognise characteristics of pneumonia early in order to 
prevent negative health outcomes. An early diagnosis of pneumonia will optimise the effects of 
treatment, reduce the complications and even reduce the risk of mortality [14,15]. However, due 
to the atypical presentation of each type of pneumonia in nearly all nursing home residents, the 
(first) characteristics are not clearly recognised by physicians and nursing staff [1]. Furthermore, 
it is of great importance to recognise risk indicators which are involved in the development of 
the disease. An important risk factor of aspiration pneumonia is dysphagia [14,17–20]. Other 
identified risk indicators are old age, male gender, lung diseases, diabetes mellitus, poor oral 
health, severe dementia, Parkinson’s disease, malnutrition, and the use of antipsychotic drugs, 
proton pump inhibitors and angiotensin-converting enzyme inhibitors [17,21].
Up till now, the international literature has not revealed consensus about which and how many 
characteristics and risk indicators must be present in order to diagnose (nursing home-acquired) 
pneumonia and aspiration pneumonia. The aim of this survey was to reach consensus among 
a panel of clinical medical experts in geriatrics and pulmonology about characteristics required 
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for diagnosing pneumonia and about risk indicators needed to consider the diagnosis aspiration 
pneumonia in nursing home residents with pneumonia.
Methods
Survey design: electronically-modified Delphi Method
The electronically-modified Delphi Method was carried out online among a panel of (highly) 
qualified clinical medical experts in geriatrics and pulmonology in The Netherlands. Originally, the 
Delphi Method was developed to predict the impact of technology on warfare [22]. Nowadays, the 
method has been modified to gather and structure information on a particular issue from experts 
in an electronical way, using an iterative process to reach consensus on that issue [23,24]. A 
panel of experts responds to questions anonymously and receives feedback by a review of the 
responses by all panel members involved. This process is repeated until consensus is reached.
A heterogeneous panel of 15 to 30 participants and a homogeneous panel of 10 to 15 participants 
are deemed sufficient [25,26]. No generally accepted criteria for selecting experts are available 
and neither are recommendations on the minimal or maximal number of participants [27]. The 
representativeness of the survey seems dependent on the qualities of the expert panel rather than 
on the number of participants [28]. Diversity of experts produces a greater variety of perspectives 
on a certain problem, more alternatives and more readily acceptable solutions than those of a 
homogeneous group [29, 30]. Advantages of the electronically-modified Delphi Method are the 
potential involvement of experts from diverse geographical regions and the mutual anonymity 
or faceless acting of the expert panel. Anonymity minimizes potential group pressure and 
dominance, as the latter could affect the validity of the outcome negatively [31]. Three iterations 
are usually sufficient to accomplish a high level of agreement about a certain issue and have 
proven to be sufficient for attaining stability in the responses [23,31,32]. The current survey was 
conducted between February 2012 and November 2013 in four Phases: a literature review of 
the currently used characteristics for diagnosing (nursing home-acquired) pneumonia (Phase 
1), two general expert-rating iterations (Phase 2 and Phase 3) and a consensus expert-rating 
iteration (Phase 4).
Expert panel
Given that no recommendations for the number of participants of an expert panel for the 
electronically modified Delphi Method were available, initially as many as possible clinical 
medical experts in geriatrics or pulmonology were invited to participate. The medical experts 
in geriatrics who were selected, were members of a national scientific geriatric medicine 
association. Their email addresses were collected during member meetings. The other selected 
people were experts in geriatrics and pulmonology, according to a statement on the website 
of an (academic) medical centre in The Netherlands. Before the members of the expert panel 
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completed the questionnaire, they were informed about this research project. This information 
was described in an email message, which contained a link to the questionnaire and by 
completing the questionnaire written informed consent was given. The survey included an 
experimental research project among medical professionals and was not a medical research 
experiment among patients. This survey is not defined in the Netherlands as a medical research 
experiment, making approval from an ethics committee not required [33].
Data collection
To perform this survey, the online programme ‘Survey Monkey’ was used to create and send 
the questionnaires online to the expert panel and to gather the questionnaire data. In a previous 
survey using the electronically modified Delphi Method, this programme had served appropriately 
[34].
Phase 1
The literature was reviewed to search for currently used common characteristics of (nursing 
home-acquired) pneumonia with the objective to compose a list of characteristics which could 
be used in Phase 2.
Phase 2
In the first expert-rating iteration, the selected experts received an invitation to participate by email 
with a hyperlink to an online questionnaire. After 2 weeks, the experts received, by email, a reminder 
in case the questionnaire had not yet been completed. The online questionnaire contained 
three multiple-choice questions and two structured open-ended questions. The multiple-choice 
questions were: ‘What is your medical specialty?’, ’Which characteristics are the most important 
when diagnosing (nursing-home acquired) pneumonia?’, and ‘How many characteristics must be 
present for diagnosing (nursing home-acquired) pneumonia?’. With regard to the first question, 
the list of (nursing home-acquired) pneumonia characteristics derived from the literature review 
in Phase 1 was submitted, and the experts were requested to rate 10 characteristics in order of 
importance of presence by giving each of the 10 characteristics a numerical code from 1 (‘of 
no importance at all’) to 10 (‘of utmost importance’). The two structured open-ended questions 
were: ‘Which characteristics are lacking for diagnosing (nursing home-acquired) pneumonia?’ 
and ‘Which risk indicators must be present in nursing home residents with pneumonia to make 
you consider the diagnosis aspiration pneumonia?’. The results were analysed and the list of 
(nursing home-acquired) pneumonia characteristics was adjusted accordingly.
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Phases 3 and 4
In the second and third expert-rating iteration, the selected experts received an invitation to 
participate by email, with a hyperlink to the adjusted online questionnaire. After 2 weeks, they 
received, by email, a reminder in case the questionnaire had not yet been completed.
Data analysis
The Statistical Package for the Social Sciences (SPSS) 20.0 (Chicago, IL, USA) was used for 
data analysis after each expert-rating iteration (Phases 2, 3 and 4). Qualitative responses to 
structured open-ended questions were summarized by the first author. Similar responses were 
combined and these combinations were ordered by frequency. In order to decide whether 
additional (nursing home-acquired) pneumonia characteristics mentioned in reply to the 
open-ended question were valuable for use in the next Phase, their frequency was registered. 
Characteristics which failed to reach consensus were considered as inconclusive and therefore 
eliminated. In Phases 3 and 4, the same procedure as the one that had been followed for the 
selection of characteristics for diagnosing (nursing home-acquired) pneumonia, was performed 
for the selection of risk indicators of aspiration pneumonia. Consensus was reached when a 
minimum of 70 % of the participants agreed.
Results
Phase 1: Literature review
The literature review was performed in December 2011 and revealed 16 currently used common 
characteristics for diagnosing (nursing home-acquired) pneumonia, which are listed in Table 
1 [16,35–37]. This list of characteristics was presented to the experts who were invited to 
participate in Phase 2.
Phase 2
Seventy of 214 initially invited experts agreed to participate in Phase 2 (33%). Fifty-eight 
participants were elderly care physicians (83%), eight geriatricians (10 %), two pulmonologists 
(3 %), one internist specialized in geriatrics (2%) and one cardiologist specialised in geriatrics (2 
%). In The Netherlands, elderly care physicians are medical specialists in health care for (frail and 
disabled) older people. They are not employed by hospitals, but often by nursing homes [38].
Table 1 shows, in the row “number of scores”, how frequently each characteristic was 
selected by the participants. The characteristics which were selected by more than 50% of the 
participants, 36 or more, were indicated (50% indication: #). Furthermore, the table shows the 
frequency of importance scores on the 16 characteristics presented to the participants. For 
each characteristic which had a 50% indication (#), the four highest frequency of importance 
scores, as far as present in the five highest importance scores (6–10), was indicated (frequency 
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indication: *). Characteristics were selected for Phase 3 when they had a 50% indication (#) 
and at least one frequency indication (*) in the three highest importance scores or at least two 
frequency indications (*) in the five highest importance scores. This procedure implied that a 
characteristic was selected for Phase 3 when it was chosen by more than 50% of the participants 
and when the participants had found its presence most important for diagnosing (nursing home-
acquired) pneumonia. The eight characteristics selected in this way were tachypnea, dyspnea, 
crepitation with auscultation, fever, coughing, deterioration of general functioning, leucocytosis 
and hypoxia, as indicated in the Table 1.
Table 1 Common characteristics for diagnosing (nursing home-acquired) pneumonia, yielded by the 
literature review of Phase 1,and frequency of importance scores (1 = hardly important; 10 = most important), 
numbers of scores on the common characteristics,50 % indications and frequency indications, all resulting 
from Phase 2
Characteristic Frequency of importance score Number  
of scores
50% indication 
as well as 
frequency 
indication
 1 2 3 4 5 6 7 8 9 10   
Tachypnea 1 4 2 5 7 10* 4 11* 6 15* 65# !
Dyspnea 5 1 5 1 5 5 6* 9* 15* 13* 65# !
Crepitation with auscultation 2 3 5 3 3 10* 8* 12* 2 7* 55# !
Fever (temperature >38° C) 5 3 2 3 10 7 14* 9* 10* 6 69# !
Coughing 2 6 2 6 7 7* 11* 8* 9* 6 64# !
Deterioration of general 
functioning 7 2 6 7 9 3 5 9* 5 5 58# !
Leucocystosis 3 3 7 8 5 4 6* 4 6* 0 46# !
(Central) cyanosis 6 6 6 8 3 2 1 0 1 1 34
Hypoxia 2 3 8 7 6 6* 5 6* 6* 4 53# !
Pain of breathing and coughing 3 6 8 3 6 4* 2 1 1 2 36#
Shivers 3 10 3 3 4 4 1 1 1 0 30
Decreased consciousness 10 5 3 8 3 3 2 4 1 1 40#
Purulent sputum 2 7 7 6 5 7* 6 5 3 3 51#
Tachycardia 2 2 3 3 6 6 4 3 2 0 31
Pleura rub 2 5 0 2 2 0 2 3 2 1 19
Transpiration 3 4 5 3 3 0 0 0 0 0 18  
# Selected by more than 50% of the participants (50% indication)
*   Included in the 4 highest frequency of importance scores, as far as present in the 5 highest importance scores (frequency 
indication)
!   Sorted out for Phase 3 because of the combination of 50% indication and frequency indication
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According to 57 participants (81%), some characteristics for diagnosing (nursing home-
acquired) pneumonia were lacking in the list they were presented, but 13 participants (19%) did 
not recommend any additional characteristic. Some additional characteristics were suggested, 
but these characteristics were not used for Phase 3 due to the restricted frequency of the 
suggestions. Four participants (6%) indicated that one characteristic must be present in order 
to diagnose (nursing home-acquired) pneumonia in nursing home residents, six (9 %) indicated 
two, 29 (41%) indicated three, 25 (36%) indicated four, five (7%) indicated five and one (1 %) 
indicated that six characteristics must be present. The mean number and standard deviation of 
characteristics indicated to be present for diagnosing (nursing home-acquired) pneumonia was 
3.34 ± 0.99. Therefore, it was decided to use the number of three characteristics.
The participants mentioned that in case of (nursing home-acquired) pneumonia, they considered 
the diagnosis aspiration pneumonia when the following risk indicators were present: dysphagia, 
choking incident, (history) of tube feeding, neurological disease, decreased consciousness, 
dementia, delirium and cognitive impairment. Decreased consciousness, dementia, delirium and 
cognitive impairment were bundled as one risk factor because only few participants mentioned 
those and because they are indicators for cognitive confusion or deterioration. The bundle 
of risk indicators was indicated as cognitive impairment. The frequency of the risk indicators 
mentioned by the participants was as follows: dysphagia (60); choking incident (31); (history of 
) tube feeding (17); neurological disease (10) and cognitive impairment (24). The questionnaire 
as well as the list with (nursing home-acquired) pneumonia characteristics used in Phase 2, were 
adjusted for Phase 3, concurrently with the results of Phase 2.
Phase 3
The adjusted questionnaire contained eight questions,five multiple-choice questions and three 
structured open-ended questions, including the according to the results of Phase 2 adjusted 
list with characteristics for diagnosing (nursing home-acquired) pneumonia and a list with risk 
indicators for considering the diagnosis aspiration pneumonia (Tables 2 and 3). The multiple-
choice questions were: ‘What is your medical specialty?’, ‘Please select from the list provided the 
four most important characteristics for diagnosing pneumonia in nursing home residents in order 
of importance (4 = most important)’ and ‘Please select in the list provided the risk indicators that 
make you consider the diagnosis aspiration pneumonia in nursing home residents with pneumonia 
in order of importance (5 = most important)’. The structured open-ended questions were related 
to gender, age and working experience of the participants and to (nursing home-acquired) 
pneumonia characteristics and aspiration pneumonia risk indicators which were lacking.
The 70 participants of phase 2 were invited to participate. Forty-four (63%) of them responded: 
23 men (52%) with an average age of 52.7 ± 6.1 years and 21 women with an average age of 
48.4 ± 7.4 years, 38 elderly care physicians (86%), 4 geriatricians (9%) and 2 pulmonologists 
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(5%). These participants had an average working experience of 20.7 ± 8.4 years. Despite the 
instruction to select the four most important characteristics for diagnosing (nursing home-
acquired) pneumonia, 14 participants selected five characteristics. Table 2 shows, in the row 
“number of scores”, how frequently each characteristic was selected by the participants. The 
characteristics which were selected by more than 5% of the participants, 23 or more, were 
indicated (50% indication: #) and chosen for Phase 4. These five characteristics were dyspnea, 
fever, deterioration of general functioning, tachypnea and crepitation with auscultation. Some 
additional characteristics were suggested, but these characteristics were not used for Phase 4 
due to the restricted frequency of the suggestions. 
Table 2 Characteristics for diagnosing (nursing home-acquired) pneumonia, derived from Phase 2, and 
frequency of importance scores (4 = most important), number of scores on the characteristics and 50% 
indications (#), all resulting from Phase 3 
Characteristics Frequency of importance score Number of scores
1 2 3 4
Dyspnea 9 5 11 12 37#
Fever (temp >38°C) 5 8 13 5 31#
Deterioration of 5 general functioning 5 10 6 8 29#
Tachypnea 1 5 8 11 25#
Crepitation with auscultation 3 8 4 8 23#
Coughing 7 4 7 3 21
Leucocystosis 0 7 4 2 13
Hypoxia 2 2 3 4 11
Table 3 shows, in the row “number of scores”, how frequently each risk factor for considering 
the diagnosis aspiration pneumonia was selected by the participants. Unfortunately, three 
participants had not selected each risk factor in order of importance leading to two risk indicators 
with “number of scores” lower than 44. Furthermore, the table shows the frequency of importance 
scores of the five risk indicators presented to the participants. Each risk factor had, for the three 
highest importance scores (3–5), a total score of 50% or higher. This means that half or more of 
the participants had rated all risk indicators which were important for considering the diagnosis 
aspiration pneumonia. Therefore, each risk factor was sorted out for Phase 4. Some additional risk 
indicators were suggested, but these were not used for Phase 4 due to the restricted frequency of 
the suggestions.
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Table 3 Risk indicators of aspiration pneumonia in nursing home residents with pneumonia,  derived from 
Phase 2, and frequency of importance scores (5 = most important) and numbers of scores of the risk 
indicators, resulting from Phase 3 
Risk indicators Frequency of importance score Number of scores
1 2 3 4 5
Dysphagia 3 4 1 15 21 44
Choking incident 3 5 9 8 16 41
(History) of tube feeding 9 8 18 3 5 43
Neurological disease 7 13 10 11 3 44
Cognitive impairmentn 15 7 11 7 4 44
Phase 4
The five characteristics of (nursing home-acquired) pneumonia and five risk indicators for 
considering the diagnosis aspiration pneumonia which had been selected in Phase 3, were 
presented to the 70 participants of Phase 2. Due to the fact that only 44 of them had responded 
in Phase 3, 15 additional experts were invited for strengthening a widely supported consensus. 
These 15 experts, who had not been recognised as such by the authors previously, were 
recommended by a geriatrician who was not involved in this Delphi survey. All invitees were 
requested to determine whether the five characteristics of (nursing home-acquired) pneumonia 
and the five risk indicators for considering the diagnosis aspiration pneumonia selected in Phase 
3 were the most important ones, and whether at least three characteristics should be present to 
diagnose (nursing home-acquired) pneumonia adequately.
For this purpose, a new questionnaire was made, containing ten questions: three multiple-
choice questions, three structured open-ended questions and four open-ended questions. 
The multiple-choice questions were ‘Do you agree that the characteristics dyspnea, fever, 
deterioration of general functioning, tachypnea and crepitation with auscultation are the most 
important characteristics for diagnosing pneumonia in nursing home residents or do you have a 
deviatingopinion?’, ’Do you agree that at least three of these characteristics should be present 
to diagnose nursing home-acquired pneumonia adequately or do you have a deviating opinion?’ 
and ‘Do you agree that the risk indicators dysphagia, choking incident, (history of ) tube feeding, 
neurological disease and cognitive impairment in nursing home residents with pneumonia make 
you consider the diagnosis aspiration pneumonia or do you have a deviating opinion?’. Structured 
open-ended questions were: ‘What is your medical specialty?’, ‘What is your age?’, ‘What is 
your gender?’. The open-ended questions were ’Which of the following characteristics are not 
important when diagnosing pneumonia in nursing home residents?’, ‘Which characteristics 
are lacking for diagnosing pneumonia in nursing home residents?’, ’Which of the following risk 
indicators are not important for considering the diagnosis aspiration pneumonia in nursing home 
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residents with pneumonia?’ and ‘Which risk indicators are lacking for considering the diagnosis 
aspiration pneumonia in nursing home residents with pneumonia?’.
Forty-four invitees completed the questionnaire: 24 men with an average age of 53.4 ± 5.6 
years and 20 women with an average age of 49.4 ± 6.0, 36 elderly care physicians (82%), 5 
geriatricians (11%), 2 pulmonologists (5%) and 1 internist specialised in geriatrics (2%). Twenty-
five participants (57%) agreed that the characteristics dyspnea, fever, deterioration of general 
functioning, tachypnea and crepitation with auscultation are the most important characteristics 
when diagnosing (nursing home-acquired) pneumonia. Ten participants (23%) mentioned the 
following characteristics as not important: fever (4), deterioration of general functioning (3), 
crepitation with auscultation (2) and dyspnea (1). Eight participants (18 %) mentioned that at 
least one important characteristic was lacking and five of them mentioned coughing as the most 
important lacking characteristic. The following additional characteristics were each mentioned 
once: delirium, feeling sick, change of behaviour, loss of appetite, sputum, nausea and vomiting. 
Due to the restricted frequency of these additional characteristics, they were not used any further. 
No consensus was reached about the presented characteristics for diagnosing (nursing home-
acquired) pneumonia, because the consensus level was 57% instead of the required 70 %. 
Although the required consensus level was not reached, the results suggested that dyspnea, 
fever, deterioration of general functioning, tachypnea and crepitation with auscultation are 
characteristics of some importance when diagnosing (nursing homeacquired) pneumonia. 
To the question whether three characteristics should be present to diagnose (nursing home-
acquired) pneumonia adequately, fifteen participants (34%) agreed, thirteen (29%) reported that 
the number of characteristics present is not relevant, two (5 %) reported that more than three 
characteristics are needed and 14 (32%) reported that two characteristics should be present. 
Consensus was not reached, because only 34% reported that at least three characteristics 
should be present. Summarising these data the assumption is that two or three characteristics 
should be present for diagnosing (nursing home-acquired) pneumonia.
To the question whether the presence of the risk indicators dysphagia, choking incident, (history 
of ) tube feeding, neurological disease and cognitive impairment make professionals consider the 
diagnosis aspiration pneumonia, 35 participants (80%) agreed, yielding the required consensus of 
at least 70%. Six participants (14%) reported that a risk factor was lacking. Additional risk indicators 
suggested were: poor oral hygiene care, not responding to antibiotics, being in (sub)coma, 
auscultation in right lung and fever. Each of these risk indicators were mentioned only once and 
due to this restricted frequency, they were not used any further. Three (6%) participants reported 
that cognitive impairment is not important when considering the diagnosis aspiration pneumonia. 
Eight participants mentioned that aspiration pneumonia cannot be diagnosed definitively on the 
basis of some risk indicators present, but that specific diagnostic tests are required.
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Discussion
Among the panel of clinical medical experts in geriatrics and pulmonology, no consensus was 
reached about the characteristics required for diagnosing (nursing home-acquired)pneumonia 
and about the number of characteristics required for diagnosing (nursing home-acquired) 
pneumonia. However, dyspnea, fever, deterioration of general functioning, tachypnea and 
crepitation with auscultation seem characteristics of some importance and the assumption is 
that two or three characteristics should be present. Subsequently, very satisfying consensus was 
reached about the risk indicators required for considering the diagnosis aspiration pneumonia in 
nursing home residents with pneumonia.
A potential explanation for not reaching consensus about characteristics required for diagnosing 
(nursing home-acquired) pneumonia and about the number of characteristics required, is that 
(nursing home-acquired) pneumonia usually presents itself by a wide variety of characteristics in 
different combinations [16]. The assumption derived from the current survey, namely that two or 
three characteristics should be present for diagnosing (nursing home-acquired) pneumonia, is 
consistent with the finding of a previous survey, being that patients with (nursing home-acquired) 
pneumonia had three or less respiratory or general characteristics [35].
In the current survey, the participants indicated fever as an important characteristic for diagnosing 
(nursing home-acquired) pneumonia. This is in contrast with the results of a previous survey, which 
showed that fever may only occur in 50% of the older people with CAP [39]. In frail, very old people 
with pneumonia, fever was absent very often [40]. Subsequently, another survey demonstrated that 
less than half of a group of nursing home residents with pneumonia had either fever or a cough. 
In addition, 25% of them had no clinical characteristics consistent with pneumonia at all [41]. 
These indings suggest that fever is a less important characteristic for diagnosing (nursing home-
acquired) pneumonia than indicated by the participants of the current survey.
Although no consensus was reached about the (number of ) characteristics required for 
diagnosing (nursing home-acquired) pneumonia, no additional expert-rating iterations have been 
performed because more than three expert-rating iterations do not usually yield improvement of 
concurrence [32]. For considering the diagnosis aspiration pneumonia in nursing home residents 
with pneumonia, a consensus level of 80% was reached about the risk indicators dysphagia, 
choking incident, (history  of ) tube feeding, neurological disease and cognitive impairment, 
confirming the results of a recent literature review [42]. Considering these risk indicators, the 
commonly accepted definition that aspiration pneumonia is an infective pneumonia in a patient 
with a predisposition for aspiration [8], is confirmed. The presence of one or more risk indicators 
mentioned in the current survey may help to diagnose aspiration pneumonia at an early stage or 
even help to prevent aspiration pneumonia. To prevent nursing home residents from developing 
aspiration, swallowing screening and, in case of signs of dysphagia, further assessment by 
video endoscopic assessment of swallowing function are recommended [43–45]. Several 
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studies have already indicated that oral hygiene care is an important aspect of preventing the 
various types of pneumonia [45–49]. More research is needed to determine which oral hygiene 
care interventions are the most effective in preventing aspiration pneumonia [20].
Some participants of the current survey expressed that aspiration pneumonia cannot be 
diagnosed without additional diagnostic tests. It has been suggested to use the available 
information of medical history and physical examinations, and to examine blood and sputum 
samples. Solid arguments for carrying out laboratory tests are that it is often difficult to identify 
medical history data and clinical characteristics in nursing home residents and that laboratory 
tests generally provide accurate information [50,51]. To confirm the diagnosis definitely, chest 
radiographic examination with fluoroscopy is required [8,11]. However, such examination 
is seldom possible in nursing homes. NHAP is also defined as the presence of respiratory 
symptoms supported by abnormal findings in chest radiographs, such as an ill-defined shadow, 
consolidation or pleural effusion [52]. However, diagnosing NHAPonly based on these findings 
may result in a falsely positive diagnosis, leading to an improper prescription of antibiotics. 
A decision not to perform radiographic chest examination has to be weighted with the risk 
of overtreatment with antibiotics. Furthermore, it has been suggested not to treat NHAP as a 
nosocomial infection, because infection with multidrug resistant bacteria is uncommon in NHAP. 
Only nursing home residents with severe pneumonia or high risk of infection due to multidrug 
resistant bacteria should be treated with a broadspectrum antibiotic [53]. In addition, in a nursing 
home, it is generally not possible to confirm NHAP by chest radiographic examination and 
transferring ill nursing home residents to a hospital for such an examination is contra-indicated 
[12,13]. In case a chest radiograph is considered necessary to confirm the diagnosis, it is 
feasible to use mobile radiography in the nursing home to avoid a burdening hospital transfer 
[54]. Finally, conversations in relation to ‘advance care planning’ elucidated that many nursing 
home residents want to be treated for pneumonia, but do not want to be referred to a hospital 
for diagnosis or treatment [55].
To determine if the selected risk factors are valid predictors for aspiration pneumonia, a clinical 
study is needed. Several experts mentioned that chest photos are needed to confirm aspiration 
pneumonia. A clinical study, whereby the diagnosis aspiration pneumonia made based on 
these risk factors will compared to diagnosis based on chest photos, will clarify if these risk 
factors are valid predictors for aspiration pneumonia. If so, using these risk factors lowers 
hospital costs, because less radiographic examinations are needed. Particularly because of 
the atypical presentation of (nursing home-acquired) pneumonia, it is recommended to observe 
nursing home residents accurately in order to notice any alternations. A previous survey reported 
that physicians who are frequently present in a nursing home perform less chest radiographs 
in cognitively impaired old people with pneumonia. Due to their frequent presence, these 
physicians had already noticed an alternation of the physical or cognitive status of the nursing 
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home resident, indicating the onset of pneumonia [56]. When compared to physically disabled 
older people, pneumonia in cognitively-impaired older people presents itself even more with 
atypical non-respiratory characteristics, such as confusion and delirium [51]. Maybe these 
atypical characteristics can be noticed if the Care Dependency Status (CDS) of a resident by 
using a Care Dependency assessment is determined. This CDS allows nursing staff to observe 
subtle changes in this status, to manage care and provide better tailored care for individual 
residents [57].
Early diagnosis promotes the recovery of nursing home residents with pneumonia, because 
hospitalization due to serious pneumonia increases the frailty of nursing home residents [51]. 
Moreover, older people recovering from pneumonia are hospitalized for a longer time and recover
more slowly, resulting in higher health care costs [14,58]. A previous study found that hospital 
costs associated with aspiration pneumonia were more than fivefold those of non aspiration-
related pneumonia [59]. Prevention of and early diagnosing of pneumonia reduce related costs, 
optimise health and promote quality health care [48,60]. Most importantly, preventing pneumonia 
maintains the quality of life of nursing home residents [61].
The current survey had some limitations. Firstly, with regard to the expert panel and the response 
rates to the two general expert-rating iterations (Phases 2 and 3) and the consensus expert-rating 
iteration (Phase 4). Efforts were made to invite a reasonable number of experts. However, it was 
very difficult to select experts and the response rate was rather low. Secondly, an external validity 
hampering factor was that the expert panel was rather homogeneous, because predominantly 
experts in geriatrics in The Netherlands participated in Phase 4 (95%) [62]. Consequently, the 
results of the expert panel are probably not representative for all medical experts in geriatrics. 
International consensus about the characteristics of NHAP has not been reached. In addition, 
the organisation of care, settings of nursing homes and the population of nursing home residents 
vary internationally. In The Netherlands, nursing homes contain somatic and psychogeriatric 
wards for primarily physically disabled residents and primarily cognitively impaired residents 
respectively [63–65]. Due to these international differences in care dependency in nursing 
homes, the results of this study may not be generalized without taking these differences into 
consideration. Therefore, it is recommended to consider further research on the risk factors of 
aspiration pneumonia in other countries than The Netherlands in order to reach international 
consensus. If further research is done, the specific definition of a nursing home and a long-term 
care facility should be taken into account.
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Conclusions
No final consensus could be reached among a panel of clinical medical experts in geriatrics and 
pulmonology on which and how many characteristics are required for diagnosing pneumonia 
in nursing home residents. However, the results indicated that dyspnea, fever, deterioration of 
general functioning, tachypnea and crepitation with auscultation are characteristics of some 
importance and that at least two or three characteristics should be present. For considering 
aspiration pneumonia in nursing home residents with pneumonia, final consensus was reached 
about the risk indicators dysphagia, choking incident, (history of ) tube feeding, neurological 
disease and cognitive impairment.
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Abstract
Background: 
Nursing home-acquired pneumonia (NHAP) is a common infection among nursing home 
residents. There is also a high prevalence of dysphagia in nursing home residents and they suffer 
more often from comorbidity and multimorbidity. This puts nursing home residents at higher risk 
of (mortality from) NHAP. Therefore it is important to gain more insight into the incidence of NHAP 
and the associated medical conditions in nursing home residents with dysphagia.
Objective: 
To investigate possible associations between NHAP and dysphagia in nursing home residents 
and to search for a medical risk profile for NHAP.
Design: 
A retrospective cross-sectional study.
Setting: 
Three nursing homes in The Netherlands.
Participants: 
416 electronic medical files of nursing home residents aged 65 or older living in 3 nursing homes.
Methods: 
Data about age, gender, diagnosis of dysphagia and/or pneumonia, medical diagnosis and 
possible cause of death of the nursing home residents were extracted from electronic medical files.
Results: 
The data of 373 electronic medical files were analysed. A significant difference in the prevalence 
of dysphagia was found between the nursing homes (p < 0.001). The incidence of NHAP was 
5-12% in the participating nursing homes. Statistically significant higher incidence of NHAP 
was found in residents with dysphagia (p = 0.046). Residents with dysphagia had statistically 
significantly more diseases compared to residents without dysphagia (p=0.001). Logistic 
regression analyses revealed no statistically significant associations between NHAP and the 
number of diseases and the ICD-10 diseases.
Conclusions: 
Dysphagia was found to be a risk factor for NHAP. Awareness of the signs of dysphagia by nurses 
and other care providers is important for early recognition and management of dysphagia and 
prevention of NHAP.
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 77
77
C
h
a
p
te
r
 5
Introduction
Pneumonia is the second-most common infection among nursing home residents [1]. The 
incidence of nursing home-acquired pneumonia (NHAP) is believed to be six to ten times the 
incidence of community-acquired pneumonia (CAP) [2] . Previous studies have shown estimated 
incidences of NHAP of between 48.6% and 61.2% [3-5]. In general, NHAP patients suffer from 
a more severe pneumonia with more complications and these patients are likely to have one or 
more neurological diseases, cerebrovascular diseases and diabetes mellitus, compared to CAP 
patients [3,5-8]. Furthermore, other factors such as advanced age, male gender, tracheotomy 
tube and inadequate oral health care have been associated with NHAP [5,9-11]. 
Pneumonia in nursing home residents that occurs as a result of aspiration of oropharyngeal 
or gastric contents may be caused by dysphagia [12]. Ageing causes a number of significant 
changes in the swallowing process, putting elderly people at higher risk of dysphagia [13,14]. 
Dysphagia may also be induced by stroke, dementia or Parkinson’s disease [15-17]. Reported 
prevalence of dysphagia in nursing home residents varies between 38 and 69.6% [16,18-20]. 
Additionally, dysphagia increases the risk of aspiration, which may lead to aspiration pneumonia 
[10,11,21-23]. 
A previous study of nursing home residents in The Netherlands found that the risk of aspiration 
is a relevant care problem. In this study, speech therapists assessed the risk of aspiration found 
no difference between physically disabled and cognitively impaired residents [22]. Nonetheless, 
cognitive decline or impairment, such as dementia, will influence the individual ability of nursing 
home residents and nurses to interpret the symptoms of swallowing problems [24]. Furthermore, 
residents of Dutch nursing homes did recognize their swallowing problems (subjective 
dysphagia), but considered their swallowing problems to be a natural symptom of ageing or of 
their diseases [25]. Owing to this decreased ability to interpret symptoms and the perception 
of swallowing problems as a natural symptom of ageing, dysphagia might not be recognized in 
time, which increases the risk of aspiration pneumonia amongst these people. Several studies 
suggest that a standard swallowing assessment, prior to or soon after admission to a nursing 
home, with adequate treatment of dysphagia, should be included routinely in nursing care 
[16,26,27].
Owing to the high incidence of NHAP among residents with dysphagia, there is a need to gain 
better understanding of the underlying comorbidities that may be contributing to this problem. 
These insights will help nurses and other medical professionals to recognize dysphagia earlier 
and to help prevent NHAP. Therefore, the aim of the present study was to investigate potential 
associations between NHAP and dysphagia for nursing home residents and to search for a 
medical risk profile for NHAP. 
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Methods
2.1. Design, setting, participants and data collection
A retrospective cross-sectional study was carried out in three nursing homes in The Netherlands. 
The participating nursing homes were located in three regions of the country. 
Because data were collected from residents’ electronic medical files and no medical research 
experiment took place among these residents, in The Netherlands this study is not defined as a 
medical research experiment [28]. Therefore, ethical approval from a medical evaluation board 
was not required. However, to be allowed access to the residents’ electronic medical files, approval 
for this study was sought and received from the nursing homes’ medical ethics committees.
The first step was to identify medical electronic files of residents who were eligible for inclusion 
in the study. Only the medical electronic files of residents, who were aged 65 or older when the 
study started in the respective nursing homes, were included. Next, from the included residents’ 
electronic medical files the following details were extracted: gender, diagnosis of dysphagia, 
diagnosis of pneumonia, starting date of (the first) pneumonia episode, additional medical 
diagnoses according to the International Classification of Diseases-10 (ICD-10) index [29] and the 
potential date of death. Diagnosis of dysphagia was considered if dysphagia was present in the 
examination period or prior to an occurrence of NHAP. Dysphagia was determined on the basis 
of a registration of dysphagia in the electronic medical file. In case of any ambiguity related to the 
diagnosis of dysphagia, the nursing home’s speech therapist and elderly care physician were 
consulted for additional information. For residents who died during the examination period, the 
cause of death was registered and considered as an additional medical diagnosis. The diagnosis 
of pneumonia was determined by the physician, based on the clinical characteristics that were 
present in the resident. Each registered diagnosis of pneumonia was considered as NHAP. 
The study period in each nursing home comprised a period of 1 year. Data were collected from 
the period April 2011 to April 2012 (nursing home 1), in the period April 2012 to April 2013 (nursing 
home 2) and in the period April 2013 to April 2014 (nursing home 3). Collecting data from three 
different examination periods reduced the risk that the data were influenced by medical, social 
and economic events, such as a flu epidemic.
The residents’ electronic medical files revealed that four (diagnostic) methods had been used 
in the nursing homes to diagnose dysphagia: 1.) standard swallowing assessment by a speech 
therapist at the resident’s admission; 2.) evaluation of the swallowing process by a speech 
therapist after a cerebrovascular accident or in case of a history of cerebrovascular accident 
at the time of admission; 3.) swallowing assessment after reported clinical symptoms of or 
complaints about swallowing problems; and 4.) previously registered signs and symptoms in the 
electronic medical file before admission. Only nursing home 1 performed a standard swallowing 
assessment at admission. 
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To enhance the alignment between the researchers in the process of the data extraction, two 
investigators explored the residents’ electronic medical files simultaneously in nursing home 
1, by following the predetermined standardized collection instruction. If relevant data were 
missing or had been described inaccurately, or if a resident had been discharged from the 
nursing home during the examination period, the resident was excluded. After the collection of 
data in nursing home 1, the data-collection procedure was critically evaluated and discussed by 
investigators. After it was agreed that the data collection did not need adjustments, three other 
investigators carried out the data collection in nursing homes 2 and 3 following instructions from 
the investigators of the first nursing home. 
2.2. The International Classification of Diseases (ICD-10)
The medical diagnoses and conditions derived from the residents’ electronic medical files were 
arranged and clustered using The International Classification of Diseases (ICD-10) [29]. The 
chapters ‘Pregnancy, childbirth and the puerperium (O00-O9A)’ and ‘Conditions originating in 
the Perinatal period (P00-P96)’ were excluded, because they are not applicable to nursing home 
residents. 
2.3. Statistical analyses
Statistical analyses were performed using SPSS version 20.0 (SPSS INC, Chicago, IL, USA), 
including descriptive frequency distributions for all variables. Student’s t-test and the chi-square 
test were used for testing differences between groups. Multiple logistic regression analyses were 
used to explore associations of NHAP with the diseases classified according to ICD-10. In these 
models, NHAP was the dependent variable and the respective diseases were the independent 
variables. Odds ratios (OR) with 95% confidence intervals (95% CI) were calculated. All ORs 
were corrected for gender and diagnosed dysphagia.
Results
A total of 416 residents’ electronic medical files were analyzed. Out of these, 43 electronic 
medical files were excluded because these residents had been discharged from the nursing 
home during the examination period. Table 1 presents the residents’ gender and age distribution 
for each nursing home. 
Table 1 Number, gender and mean age of the participating residents of the 3 nursing homes
Nursing home 1 2 3 Total
Number of residents 80 (21.4%) 86 (23.1%) 207 (55.5%) 373
Men/Women 30/50 20/66 63/144 113/260
Mean age ± sd 79.2 ± 7.6 85.2 ± 5.4 84.2 ± 8.6  83.3 ± 8.0
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Table 2 presents numbers and percentages of residents diagnosed with dysphagia and NHAP, 
for each nursing home. NHAP was diagnosed in 4 (5%) residents of nursing home 1, in 4 (5%) 
residents of nursing home 2 and in 24 (12%) residents of nursing home 3. This difference was 
not statistically significant (chi-square test; p = 0.067). Dysphagia was diagnosed in 30 (38%) 
residents of nursing home 1, in 12 (14%) residents of nursing home 2 and in 17 (8%) residents 
of nursing home 3. The prevalence of dysphagia was significantly different between the nursing 
homes (chi-square test; p < 0.001). 
Table 2 Occurrence and percentage of diagnosed dysphagia and NHAP in the participating residents of the 
3 nursing homes 
Nursing home 1 2 3 Total P-value
Dysphagia yes/no 30/50 (38%) 12/74 (14%) 17/190 (8%) 59/314 (16%) <0.001a
NHAP yes/no 4/76 (5%) 4/82 (5%) 24/183 (12%) 32/341 (9%) 0.067a
achi-square test
Dysphagia was diagnosed in 59 (16%) residents, of which the majority were women (71%). 
However, there was no statistically significant gender difference between the residents diagnosed 
with or not diagnosed with dysphagia (chi-square test; p = 0.787) as shown in Table 3. The 
mean age of residents with dysphagia was almost equal to the mean age of residents without 
dysphagia (82.2 ± 9.1 versus 83.5 ± 7.8). Nine (15%) residents out of the 59 residents with 
dysphagia were diagnosed with NHAP; the incidence of NHAP in residents without dysphagia 
was 7% (n = 23). This difference was statistically significant (chi-square test; p = 0.046). The 
overall mortality was 23% during the examination period. 
Table 3 Number of residents (%) with and without diagnosed dysphagia according to gender, NHAP, 
mortality, mean of age and number of medical diseases of residents in each group
Dysphagia No dysphagia P-value Total
Number of residents    59  (16)  314  (84)  373
Women    42  (71)  218  (69) 0.787 a  260  (70)
NHAP      9  (15)    23  (7) 0.046 a    32  (9)
Mortality    12  (20)    73  (23) 0.625 a    85  (23)
Mean age  ± sd 82.2 ± 9.1 83.5 ± 7.8 0.253 b 83.3 ± 8.0
Mean number of diseases ± sd   2.8 ± 1.4   2.3 ± 1.1 0.001 b   2.3 ± 1.1
a chi-square test
b t-test
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No difference was found between residents with (20%) and without diagnosed dysphagia (23%; 
p = 0.625). Residents with dysphagia had a statistically significantly higher mean number of 
diagnosed diseases (2.8 ± 1.4) than residents without dysphagia (2.3 ± 1.1; t-test: p = 0.001). 
Logistic regression analysis between NHAP and number of diagnosed diseases showed no 
statistically significant association (p = 0.917; OR 0.98; 95% CI 0.71-1.36, not in table). Details 
of other diagnosed diseases are presented in Table 4. 
Table 4 Percentage of residents (n) with a disease from the ICD-10 classification, overall and separated by 
dysphagia status
ICD-10 classification
 
Dysphagia
N=59
%(n)
No dysphagia
N=314
%(n)
Total
N=373
%(n)
I. Certain infectious and parasitic diseases - -    0
II. Neoplasms (cancer)   5  (3)    5    (18)    6    (21)
III. Diseases of the blood and blood-forming organs 
and certain disorders involving the immune 
mechanism   
-    7    (5)    1    (5)
IV. Endocrine, nutritional and metabolic diseases   
(excl. diabetes mellitus)
  3  (2)    2    (6)    2    (8)
V. Mental and behavioural disorders   9  (5)  11    (36)  11    (41)
VI. Diseases of the nervous system 31 (18)  25    (78)  26    (96)
VII. Diseases of the eye and adnexa   5 (3)    3    (2)    1    (5)
VIII. Diseases of the ear and mastoid process   2 (1) - 0.3    (1)
IX. Diseases of the circulatory system (excl. CVA) 53 (31)  37    (117)  40     (148)
X. Diseases of the respiratory system   7 (4)  10    (31)    9    (35)
XI. Diseases of the digestive system   3 (2)    2    (6)    2    (8)
XII. Diseases of the skin and subcutaneous tissue -    1    (4)    1    (4)
XIII. Diseases of the musculoskeletal system and  
connective tissue
19 (11)    8    (25)  10    (36)
XIV. Diseases of the genitourinary system   9 (5)  18    (57) 17    (62)
XVII. Congenital malformations deformations and        
chromosomal abnormalities 
- -   0
XIX. Injury, poisoning and certain other 
consequences of external causes
  7 (4)    4    (13)   5    (17)
XVIII Symptoms, signs abnormal clinical and 
laboratory findings not elsewhere classified
14 (8) 0.3    (1)   2    (9)
CVA 48 (28)  23    (71)    27    (99)
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Forty percent of the recorded diagnosed other diseases were diseases of the circulatory system, 
of which 31 (53%) occurred in residents with dysphagia and 117 (37%) in those without dysphagia. 
Ninety-nine residents (27%) had a (history of) cerebrovascular accident (CVA), of which 28 (48%) 
occurred in residents with dysphagia and 71 (23%) in residents without dysphagia.
Logistic regression analyses revealed no statistically significant associations between NHAP 
and the respective ICD-10 diseases (Table 5). Extensive variation in diseases in the ICD-10 
category “Symptoms, signs not elsewhere classified” made statistical analyses impossible. 
Table 5 Relation between ICD-10 classifications and NHAP by multiple logistic regression with correction 
for gender and dysphagia diagnosed previously
ICD-10 classification OR 95% CI P-value
II. Neoplasms (cancer) 0.487 [0.133 - 1.782] 0.277
III. Diseases of the blood and blood-forming organs  
and certain disorders involving the immune 
mechanism   
0.279 [0.029 - 2.655] 0.267
IV. Endocrine, nutritional and metabolic diseases  
(excl. diabetes mellitus)
0.644 [0.072 - 5.742] 0.693
V. Mental and behavioural disorders 0.787 [0.258 - 2.399] 0.674
VI. Diseases of the nervous system 0.756 [0.340 - 1.681] 0.493
IX. Diseases of the circulatory system (excl. CVA) 1.917 [0.847 - 4.337] 0.118
X. Diseases of the respiratory system 0.479 [0.169 - 1.358] 0.166
XI. Diseases of the digestive system  0.659 [0.077 - 5.642] 0.704
XIII. Diseases of the musculoskeletal system and 
connective tissue
1.825 [0.408 - 8.159] 0.431
XIV. Diseases of the genitourinary system 1.210 [0.402 -  3.641] 0.735
XIX. Injury, poisoning and certain other consequences  
of external causes
0.677 [0.143 -  3.199] 0.623
CVA 1.335 [0.562 -  3.174] 0.513
Discussion
The incidence of NHAP in this study varied between 5 and 12% and the difference between its 
occurrence in residents with dysphagia and those without dysphagia was statistically significant 
(p = 0.046).This finding confirms that nursing home residents with dysphagia are at a higher 
risk of pneumonia, as has been shown by previous studies [10,11,23,25]. Compared to other 
studies, the incidence of NHAP found in this study was rather low. This relatively low incidence 
could be explained by differences in characteristics of the nursing home residents of the present 
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study, who were younger and less activities of daily living (ADL) dependent and impaired, 
compared to nursing home residents in another study that investigated nursing home residents 
in different European countries [30]. Lower functional status may be associated with a higher 
incidence of NHAP [3,5]. 
An overall lower prevalence of dysphagia (16%) was found, compared to previous studies, which 
found a prevalence of 21-70% [16,20,22,24]. In addition to this relatively low overall prevalence 
of dysphagia, a statistically significantly higher prevalence of dysphagia (38%; p = 0.000) was 
found in nursing home 1 compared to nursing homes 2 and 3. A possible explanation for these 
findings is the underestimation of dysphagia in nursing homes 2 and 3. In contrast to nursing 
homes 2 and 3, in nursing home 1 all residents had undergone a swallowing assessment at 
the time of admission to the nursing home. Probably, as a result of this standard dysphagia 
assessment, the prevalence of dysphagia was found to be higher. The nursing homes’ use of 
different methods for diagnosing dysphagia may have influenced the prevalence of dysphagia 
and therefore can be considered a study limitation. Although a standard swallowing assessment 
was not performed in each nursing home, the differences in incidences of NHAP between the 
participating nursing homes were not significant (p = 0.067). 
To avoid under-diagnosis of dysphagia, it is suggested that bedside screening or clinical 
swallowing assessment by a speech therapist be introduced for each new nursing home 
resident. If there are doubts about the diagnosis, objective methods  such as videofluoroscopy 
(VFS), fiberoptic endoscopic evaluation of swallowing (FEES) and oro-pharyngo-oesophageal 
scintigraphy (OPES) can be used [31]. However, in order to perform these tests, expensive 
(radiological) equipment is needed, which is not available in all nursing homes. Moreover, not 
all nursing home residents can be transported to a radiology department [26,32]. VFS, FEES or 
OPES have especially added value to establishing the safety of swallowing and determining the 
effectiveness of an intervention or the cause of an inexplicable swallowing problem. 
Speech therapists are challenged to deliver interventions that support autonomy, facilitate 
positive health outcomes and reduce risks in nursing home residents [33]. In order to decrease 
the risk of residents aspirating food due to dysphagia, diet modification has been suggested. 
Food modifications may have significant impacts on residents’ physical and emotional wellbeing 
[33,34]. Some patients may not accept diet modification or may not adhere to the treatments 
identified by the interdisciplinary team. Autonomy is a primary ethical consideration that is 
relevant to the refusal of treatment recommendations [34]. Shared decision making (SDM) can 
be used to approach aspects of dysphagia management, such as autonomy, positive health 
outcomes and risk reduction [33]. 
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In The Netherlands, it is common practice to constrain artificial nutrition and hydration in nursing 
home residents with dementia [35]. Interventions such as feeding of artificial food or fluids may 
not prolong survival or improve quality of life and professional care givers should respond early 
to (palliative) care needs, which may help to improve comfort [35-37]. 
In the management of dysphagia and what to do when an aspiration pneumonia occurs, advance 
care planning (ACP) is essential for including residents' personal values and preferences in 
their (palliative) care needs [38]. ACP interventions have been shown to increase concordance 
between preferences for care and the care that is delivered [39]. These factors suggest that ACP 
and SDM are needed for managing the ethical dilemmas that arise in providing care for nursing 
home residents with dysphagia [33,34].  
The multiple logistic regression analysis showed no statistically significant diseases or conditions, 
that were associated with the incidence of NHAP. This meant that a medical risk profile based on 
ICD-10 codes could not be established. A possible explanation for not establishing a medical 
risk profile based on ICD-10 codes is the wide variety of diseases and conditions that was found 
in these residents. In general, nursing home residents have an extensive prevalence of chronic 
health problems, with a wide range of diseases and conditions in different patterns [40,41]. A 
better understanding of the epidemiology and the complexity of multimorbidity is necessary for 
developing adequate (multi-professional) interventions [42].
This study shows several limitations and strengths. One limitation is that this study was performed 
in one country with a specific health care system this might bias the outcomes. Moreover, only 
three Dutch nursing homes participated, which were selected on the basis of convenience. In 
addition the retrospective character of the study meant that no inter-rater and intra-rater reliability 
test and calibration with the local speech therapists were possible, which might have revealed 
differences in diagnosing dysphagia. The external validity of the outcomes is therefore considered 
limited. The retrospective character of this study also makes it difficult to determine whether the 
diagnoses of pneumonia and dysphagia were all based on clear and unambiguous criteria. 
One of the strengths of this study was that data were extracted from medical electronic files 
covering three different examination periods. Thus, these results were less subject to a possible 
disease outbreak in the given period. Furthermore, these data were collected from residents of 
three different nursing homes, which offer a broader perspective on dysphagia and pneumonia 
among nursing home residents. Despite the limitations of the present retrospective study, 
outlines of daily practice of nursing home care concerning dysphagia and NHAP were given, 
which made proposals for certain care improvements possible. 
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Early dysphagia assessment may contribute to preventing death. On top of that, dysphagia is 
mostly present in cases of a great number of comorbidities, which can lead to increased risk 
of mortality [43]. Nurses and other medical professionals have to be aware of these factors in 
order to improve their early recognition and prevention of dysphagia and NHAP. Overall, it can be 
concluded that the presence of dysphagia can be seen as a risk factor of NHAP.
Conclusion
Dysphagia was found to be a risk factor for NHAP. Awareness of the signs of dysphagia by nurses 
and other care providers is important for the early recognition and management of dysphagia 
and prevention of NHAP. 
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Abstract
Background: 
Dysphagia and potential respiratory pathogens in the oral biofilm are risk factors for aspiration 
pneumonia in nursing home residents. The aim of the study was to examine if the daily application 
of 0.05% chlorhexidine oral rinse solution is effective in reducing the incidence of aspiration 
pneumonia in nursing home residents with dysphagia. Associations between background 
variables (age, gender, dysphagia severity, care dependency, medication use, number of medical 
diagnoses, teeth and dental implants, and wearing removable dentures) and the incidence of 
aspiration pneumonia were also examined.
Methods: 
This study is a multicenter study in which for 1 year participants with dysphagia in the intervention 
group received the usual oral hygiene care with the addition of a 0.05% chlorhexidine oral rinse 
solution, whereas participants in the control group received only oral hygiene care. 
Results: 
Data of 103 participants in 17 nursing homes were analyzed. Survival analysis showed no 
significant difference in the incidence of pneumonia between both groups (Cox regression, 
HR=0.800; 95% CI [0.368 – 1.737], p =0.572). Cox regression analysis for Functional Oral 
Intake Scale (FOIS)-level showed a significant risk of the incidence of pneumonia (HR = 
0.804; 95% CI [0.656 – 0.986], p = 0.036). After adjustment for Group and FOIS-level, Cox 
multivariate proportional hazard regression analysis showed that the variables age, gender, 
Care-dependency Scale-score,(CDS) number of diseases, medication use, number of teeth, 
and the presence of dental implants or removable dentures were not significantly associated 
with the incidence of pneumonia.
Conclusions: 
Chlorhexidine oral rinse solution 0.05% as an adjunctive intervention in daily oral hygiene care was 
not found to reduce incidence of aspiration pneumonia. The requested number of participants to 
achieve sufficient power was not established and high drop-out rate and non-structural compliance 
was present. The power was considered to be sufficient to analyze the associations between the 
background variables and the incidence of pneumonia in the included nursing home residents with 
dysphagia. Dysphagia was found to be a risk factor for aspiration pneumonia. 
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Background
In nursing home residents aspiration pneumonia is the second-most-common infection and 
causes high mortality [1-3]. Pneumonia can be provoked by aspiration of (oral) pathogens into 
the lower respiratory tract [4,5]. Aspiration can be induced by dysphagia [6]. Caused by the 
aging process, significant changes in swallowing occur, which increase elderly peoples risk 
of dysphagia [7,8]. Several studies confirm that the presence of dysphagia in nursing home 
residents is a risk factor for aspiration, which may lead to aspiration pneumonia and, possibly, 
death [5,6,9-14]. The prevalence of dysphagia in nursing homes varies between 38% and 69.6% 
[15-17] and up to 30% of the elderly with dysphagia develop aspiration [18]. 
In the oral cavity many structures contain bacteria. These bacteria create a reservoir for pulmonary 
infections in nursing home residents. Potential respiratory pathogens, such as Staphylococcus 
aureus, Klebsiella pneumoniae, Pseudomonas aerugionosa and Enterobacter cloacae, have 
been found in the oral biofilm of care-dependent elderly people [4,19]. Colonization of the 
oropharynx by these pathogens is an important process in the pathogenesis of aspiration 
pneumonia in care-dependent elderly people. This is because the normal microflora of their 
oral biofilm becomes more rapidly colonized by potential pathogens due to diminished salivary 
secretion rates and a poor ability to perform oral hygiene care. This makes it of great importance 
to reduce the oral biofilm by carrying out daily oral hygiene care in these populations [20,21]. 
It is a challenge to maintain good oral health into old age because in many elderly people 
functional and cognitive decline results in difficulties with performing daily oral hygiene care 
[22]. Additionally, nursing staff , including registered nurses and care assistants have a lack 
of knowledge of and training in, and experience barriers when providing oral hygiene care 
[23-25]. In contrast, it is known that oral hygiene care and oral hygiene care programs have 
contributed to preventing nursing home residents from developing pneumonia [12,20,21,26]. 
It is still unclear which oral hygiene care program or which interventions are most effective in 
reducing pneumonia.
Mouth rinses that contain chlorhexidine might be helpful in improving oral hygiene care. 
Chlorhexidine has been found to be effective in decreasing the amount of dental plaque and in 
reducing certain aerobic and anaerobic species [27-29]. Chlorhexidine has a bactericidal and 
bacteriostatic activity with a wide spectrum of antibacterial activity, which includes Gram-positive 
and Gram-negative bacteria [30]. The antibacterial action is explained by the fact that the cationic 
chlorhexidine molecule is attracted by the negatively charged bacterial cell surface. Then, by 
penetrating the bacterial cell membrane, leakage of cell components is caused. Disruption of the 
bacterial metabolism and inhibition of cell growth takes place and finally the bacterial cell dies 
[30]. In this way, the formation of dental plaque is disturbed.
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In critically ill patients, the use of chlorhexidine oral rinse during oral hygiene care has been found 
to reduce nosocomial pneumonia and ventilator associated pneumonia (VAP) [31]. Furthermore, 
a systematic review suggested a 0.12% chlorhexidine oral rinse as an effective hygiene method 
for intensive care unit (ICU) patients in order to reduce nosocomial pneumonia, and the use of 
chlorhexidine was suggested as more favorable than tooth brushing only [32]. However, because 
of the high prevalence of dysphagia and aspiration pneumonia and the absence of evidence 
regarding which oral hygiene care program or which interventions are most effective in reducing 
pneumonia in frail elderly, more studies are needed to establish an evidence-based oral hygiene 
care protocol in order to protect nursing home residents from aspiration pneumonia [15-17,33]. 
It is unknown whether the daily application of a 0.05% chlorhexidine oral rinse solution is effective 
in reducing the risk of aspiration pneumonia in nursing home residents.
Against this background, this study was designed to examine, first, whether a daily application 
of a 0.05% chlorhexidine oral rinse solution in addition to usual daily oral hygiene care is effective 
in reducing the risk of aspiration pneumonia in physically disabled nursing home residents with 
dysphagia. The second aim was to examine whether any associations could be found between 
several background variables (such as age, gender, dysphagia severity, care-dependency score, 
number of medical diagnoses and medication use, the number of teeth and implants present, 
and presence of removable dentures) and the risk of acquiring pneumonia in participating 
physically disabled nursing home residents with dysphagia.
Primary and secondary outcomes
The primary outcome of the study is the incidence of aspiration pneumonia in physically disabled 
nursing home residents with dysphagia. Secondary outcomes are possible associations between 
age, gender, dysphagia severity, care-dependency score, number of medical diagnoses and 
medication use, the number of teeth and implants present, the presence of removable dentures 
and the incidence of pneumonia in physically disabled nursing home residents with dysphagia.
Methods 
Study design and setting
This study design was described and published previously [34] and was developed in accordance 
with the Consolidated Standards of Reporting Trials (CONSORT) guidelines [35]. The study was 
conducted in selected nursing homes in The Netherlands (Figure 1). 
The study was originally designed as a multicenter cluster randomized controlled clinical trial, 
with the nursing home as the unit of randomization [34]. Participation in the intervention group 
or control group was planned to be assigned at random. However, during the recruitment of 
the nursing homes, the nursing homes wanted to know in advance to which group their nursing 
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home would be allocated, in order to determine whether they would participate. Arguments given 
by the nursing homes were the prevention of work overload, introduction of electronic residents’ 
files, cuts in budget, renovations and merging nursing homes, and upcoming changes in the 
Dutch health system. 
The most important argument for participating given by the respective nursing homes was to 
improve quality of (oral) health care. All nursing homes emphasized the importance of this study 
because they were aware of the need for good oral hygiene care in nursing home residents. 
Therefore, the enrollment of all of the units of these nursing homes took place according to their 
preference for being in the intervention or control group and this study became a multicenter 
controlled clinical trial.
Power calculation 
Based on a power calculation, 500 physically-disabled nursing home residents with dysphagia 
were to be followed during one year (Figure 1). Calculating the sample size, the incidence of 
pneumonia in nursing home residents is, in agreement with internationally published incidence 
data for the year 2011, largely assessed as 25% [36] the presumed reduction of the incidence 
is 42%, the requested power is 0.8, and the alpha is 0.05. If the true relative risk of failure of 
residents of the intervention group relative to residents of the control group is 0.58, 225 residents 
are needed in the intervention group and 225 residents in the control group. It is intended to 
include 12 nursing home in the study (k=12) and we assume the ICC to be 0.01. This gives a 
design effect of 1.11. Taking that into account, the size of both groups needs to be 250.
Inclusion of participants 
Residents were included if they met the following criteria: aged 65 or older, physically disabled, 
resident in a long-term care unit, and previously diagnosed with dysphagia. In The Netherlands, 
nursing homes contain somatic and psychogeriatric wards of primarily physically-disabled 
residents and/or primarily cognitively-impaired residents respectively [37]. Psychogeriatric units, 
nursing home units with residents for short-term care or with cognitively-impaired residents 
(mainly suffering from dementia) were  excluded from this study. The nursing staff, speech 
therapist and the responsible elderly-care physician [38] indicated whether the resident was 
cognitively and physically able to participate and was able to carry out the instructions given 
by the nursing staff. In addition, the speech therapist of the nursing home determined whether 
dysphagia was present by using the Functional Oral Intake Scale (FOIS). Dysphagia was 
assessed as a dysfunction in the process of oral intake by using FOIS to indicate the functional 
oral intake of food and liquid and the severity of the dysphagia. FOIS has been found to be an 
adequate reliable and valid instrument for functional oral intake [39]. FOIS is a 7-point scale 
(levels 1 to 7). Residents with level 1 (nothing by mouth) up to level 6 (total oral diet with multiple 
consistencies without special preparation but with specific food limitations) were included in the 
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study. Level 7 indicates a total oral diet with no restrictions and therefore no dysphagia [39,40]. 
Residents with FOIS-level 7 will not be included. Exclusion criteria for residents were: being 
cognitively impaired (mainly suffering from dementia), in a coma or vegetative state, terminally 
ill, dependent on mechanical ventilation, in short-term care, or already using an additional oral 
hygiene care solution. 
During the study, a physician could withdraw a participant from the study when the participant’s 
condition had altered so that it fitted one of the exclusion criteria. If pneumonia was the reason for 
the condition alteration, the pneumonia was registered. Withdrawn residents were not replaced 
because, by replacement, bias would occur in determining the incidence of pneumonia. 
Intervention 
The intervention consisted of applying a 0.05% chlorhexidine-containing oral rinse solution 
(Perio-aid® Maintenance 0.05%, Dentaid BeNeLux BV) twice daily, immediately after the usual 
oral hygiene care. The application method depended on the severity of the dysphagia. A local 
speech therapist indicated the safety of the application method by considering the FOIS-level 
of the resident. Residents who had no problems with thin liquids had to rinse with the 0.05% 
chlorhexidine-containing solution for 30 seconds, immediately after the usual oral hygiene care. 
Residents with severe dysphagia, who could not tolerate thin liquids, had to clean their teeth, 
gums, tongue, palate, and buccal mucosa with a gauze soaked in a 0.05% chlorhexidine-
containing solution, immediately after their usual oral hygiene care. Participants in the control 
group received the usual oral hygiene care without the addition of an oral rinse. In both groups, 
the usual oral hygiene care was not standardized because the introduction of a standard 
protocol would have been a secondary intervention, which would have disturbed the effect of the 
chlorhexidine intervention. 
Data collection
In each nursing home, the examination period for the participating residents was 12 months 
and the examination period for all participants in each nursing home started at the same time. 
Enrollment of the nursing homes took place from April 2013 to April 2014. This meant that data 
collection took place from April 2013 to April 2015. During the study period, Case Report Forms 
(CRFs) were used to collect data regarding the incidence of pneumonia and other medical 
alternations, such as hospitalization. In both groups, the number of dropouts and deaths and 
the cause of each dropout or death were registered. Data on any reported adverse effects of the 
oral rinse were collected from the intervention group.
Baseline data
After dysphagia (FOIS-levels 1 to 6) had been determined, the other baseline data were collected. 
Other baseline data on age, gender, actual medical diagnoses and medication use were 
collected from medical records. If baseline data were incomplete, the resident was excluded and 
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these data were not used for further analysis. The medical diagnoses and conditions and actual 
medication use were extracted from the residents’ medical files by the principal investigator (first 
author).  Care Dependency Scale (CDS) was used to determine the degree of care dependence 
of the resident and is a valid, reliable and cross cultural comparative instrument [41]. At baseline, 
a caregiver from the nursing staff selected 1 of the 5 care dependency criteria of all 15 items 
of CDS.. The principal investigator calculated the actual CDS-score. Low scores on the items 
indicate that patients are completely dependent on care and high scores mean that patients are 
almost independent of care [41]. The principal investigator and a study assistant performed an 
oral examination. The oral status was determined by counting the number of teeth, number of 
implants and number of retained tooth roots. The use of removable dentures or partial prosthesis 
was also registered.
Monitoring participants
The participants in the intervention group, who received the application of the chlorhexidine-
containing solution daily, were guided and monitored after each period of two weeks by a group 
of visiting study assistants. During the visits, the study assistants checked the participants on 
the presence of side effects, the availability of chlorhexidine solution, and possible compliance 
issues. They also met with an internal study supervisor. After each visit, the study assistants 
reported their findings on a CRF. In each nursing home, two trained internal study supervisors 
monitored the usual daily oral hygiene care, including the application of the chlorhexidine-
containing solution. The principal investigator visited the intervention groups to evaluate the 
study with the internal study supervisors after six and twelve months from the start of the study. 
During those visits, the principal investigator performed an oral examination in the intervention 
group to monitor potential side effects of the chlorhexidine-containing solution. Study assistants 
also monitored the participants in the control groups with the same monitoring protocol after 
each period of four weeks. In the control group, the principal investigator evaluated the ongoing 
study with the internal study supervisors after six months and at the end of the study. 
If symptoms of  pneumonia occurred in a participant, they were physically examined by a physician. 
No established clinical symptoms were available to make a precise clinical distinction between 
pneumonia and aspiration pneumonia. Therefore, all episodes were reported and counted as 
pneumonia.  If  pneumonia was diagnosed, the physician informed the principal investigator in order 
to register this episode of  pneumonia. The diagnosis and related clinical symptoms of pneumonia 
were registered by the physician. If a participant had more than one episode of pneumonia during 
the study period of a year, all episodes were monitored and reported.
During the study, where participants were withdrawn from the study by a physician, the physician 
stated the reason for and date of withdrawal and noted these on a CRF. If the participants wanted 
to drop out of this study early, their reason and date of dropout were registered on a CRF by a 
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physician or member of the nursing staff. In both groups, possible adverse events related to study 
participation were monitored. Signs of objection expressed by the participants or deterioration 
of their health were closely monitored too. Where any objection was raised or deterioration of 
participants’ health occurred, the study stopped immediately. Any other alternations in medical 
conditions of the participants, such as hospitalization, death or discontinuation of the study, were 
reported by the physician using different CRFs. The study assistants collected all CRFs every 
two weeks. No follow-up monitoring of the participating nursing home residents took place after 
the end of the study. 
Ethics and informed consent
The study was conducted according to the principles of the Declaration of Helsinki (version 7c, 
2004) and in accordance with the Medical Research Involving Human Subjects ACT (WMO). 
Approval for the study was obtained from the Medical Ethical Committee of the Radboud 
University Medical Center (NL.nr: 41990.091.12). The trial was registered in The Netherlands in 
the National Trial Register: TC = 3515. Written informed consent by the board of each nursing 
home that participated was received before the start of the study. After this informed consent, a 
physician and a speech therapist of each nursing home recruited participants from a long-term 
care unit. The recruited residents or their legal representatives received information about the 
study, both verbally and in writing. Written informed consent was obtained from all participants 
or their legal representatives.
Statistical analysis
The primary outcome variable of this study was an episode of pneumonia in a participating nursing 
home resident. The effect of the intervention on the occurrence of pneumonia (time to event) was 
analysed by survival analysis using Cox regression. Survival was defined as the period of time in which 
a participant did not suffer from pneumonia and/or did not die during the study period. Participants who 
died were censored at the time of their death. In addition to this main analysis, Cox’s regression model 
was used to identify risk factors that might influence the incidence of pneumonia. Because the variables 
group (intervention or control) and FOIS-level determined if and how the chlorhexidine solution was 
used, these variables were chosen as covariates in the Cox’s regression model to identify other risk 
factors. This meant that a Cox’s multivariate proportional hazard regression model was built using these 
two predefined covariates: group (intervention or control) and FOIS-level. The following variables: age, 
gender, CDS, number of diseases and used medication, number of teeth and the presence of dental 
implants or removable dentures, were added to the model. Cox’s multivariate proportional hazard 
regression was used to calculate hazard ratios, confidence intervals and p-values. A 95% confidence 
interval was used with all estimated values. P-values were two-tailed and a P-value of <0.05 was 
considered to be statistically significant. Where participants were withdrawn prematurely or dropped 
out of the study, the moment and reason of withdrawal or dropout were recorded. 
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Enrollment
Nursing homes declined to 
participate (n=123)
Allocated to intervention group for 1 year (n=52)
Receiving usual daily oral hygiene care and
0.05% chlorhexidine-containing solution
Allocated to control group for 1 year (n=51)
Receiving usual daily oral hygiene care
Recruitment nursing homes 
(n=140)
Participants assessed for 
dysphagia (FOIS-level) by 
speech therapist (n=127)
•	"OBMZTFE		O
	JODMVEJOH
Dropouts (n=23), reason:
Taste of oral rinse   (n=6)
Participation too demanding  (n=5) 
Moved to other care facility   (n=4)
Deterioration of general health  (n=3)
Refusing oral rinse   (n=3)
Swallowing oral rinse   (n=1)
Painful mouth after using oral rinse (n=1)
Died    (n=14)
Incidence of pneumonia  (n=12)
•	"OBMZTFE		O
	JODMVEJOH
Dropouts (n=1), reason: 
Moved to other care facility   (n=1) 
Died    (n=16)
Incidence of pneumonia  (n=14)
Allocation
Baseline measurement: age, gender, medical 
diagnoses, care dependency, number of 
medication use, number of teeth and implants, 
presence of removable dentures
Analysis
Excluded participants (n=24)
Reason for exclusion:
< 65 years (13x)
Withdrawn permission (11x)
Figure 1 Flow chart of a multicenter study
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Results 
A total of 140 nursing homes in The Netherlands were approached and invited to take part in 
this study. Seventeen nursing homes agreed to participate: 10 nursing homes agreed to host the 
intervention group and 7 nursing homes agreed to host the control group. The nursing homes 
were spread throughout The Netherlands.
At baseline, 127 residents gave their consent to participate in this study. Of these, 13 were not 
included because it appeared that they had not yet reached the minimal age of 65. During the 
study, an additional 11 participants were excluded because they withdrew their permission to 
participate or the baseline data could not be fully collected. Thus, the data of 103 participants 
were analyzed. These participants were spread over the various nursing homes, with 3 to 7 
participants in the intervention group and 2 to 13 participants in the control group per nursing 
home. The intervention group comprised 52 participants. Following the criteria of the study 
protocol, speech therapists at the various nursing homes allocated 41 participants (79%) to the 
‘rinse-group’ and 11 (21%) to the ‘gauze-group’. The control group comprised 51 participants. 
Table 1 presents relevant characteristics of the participants, such as age, FOIS-level, CDS-
score, number of diseases and medication. Of the participants, 33 (32%) were dentate and 70 
(68%) were edentulous. Of the edentulous participants, 65 individuals (93%) wore a complete 
removable denture while 5 (7%) did not (Table 2).
Table 1 Numbers of participants or gender and mean (Mean ±SD) age, FOIS-level, CDS-score, and 
numbers of diseases  and medications in each group at baseline
Intervention Control Total 
Number of participants 52 51 103
Number of men / women 25/27 26/25 51/52
Age 79.4  ± 8.9 81.7 ± 9.03 80.5 ± 9.0
FOIS-level   4.8  ± 1.5   4.9 ± 1.5   4.8 ± 1.5
CDS-score 38.0  ± 16.6 35.0 ± 15.0 36.5 ± 15.8
Number of diseases    4.7 ± 2.4   4.3 ± 2.2   4.5 ± 2.3
Number of medication    8.6 ± 3.7   9.6 ± 3.6   9.0 ± 3.7
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Table 2 Number of participants with a certain oral status determined by their oral examination at baseline
Intervention Control Total 
Dentulous, including participants with
Natural teeth
Dental implant(s)
Partial prosthesis
Removable denture
Removable denture and partial prosthesis
14
6
4
1
3
0
19
11
1
1
4
2
33 (32%)
17
5
2
7
2
Mean number of teeth 15.1±7.9 14.6 ±7.1 14.9 ±7.3 
Edentulous, including participants with
Complete removable dentures
Complete removable dentures with dental implants
Not wearing dentures 
38
29
5
4
32
30
1
1
70 (68%)
59
6
5
Forty-eight percent of all participants (n = 49) completed the study and could be monitored 
for the whole study period (Figure 1 & Table 3). Of these participants, 15 (29%) were assigned 
to the intervention group and 34 (67%) to the control group. During the study, 24 participants 
(23%) dropped out: 23 (44%) in the intervention group and 1 (2%) in the control group. Reasons 
for dropping out were the taste of the oral rinse (n=6), participation was too demanding for 
the resident (n=5), participant moved to another long-term care facility (n=4), deterioration of 
general health (n=3), refusing oral rinse (n=3), swallowing oral rinse (n=1), and painful mouth 
after use of oral rinse (n=1). The participant in the control group dropped out because this 
participant moved to another long-term care facility. A total of 30 (29%) participants died due to 
other causes than pneumonia during the study period: 14 in the intervention group and 16 in the 
control group. 
Table 3 Number and percentages (%) of participants who participated for  one year, dropped out or died 
during the study period and incidence of pneumonia, including dropouts and mortality in each group 
Intervention
N=52
Control
N=51
Total
N=103
Included 1 year 15 (29) 34 (67) 49 (48)
Dropout 23 (44)   1 (2) 24 (23)
Mortality 14 (27) 16 (31) 30 (29)
Pneumonia 12 (23) 14 (27) 26 (25)
Included 1 year   3 (25)   7 (50) 10 (38)
Dropout   1 (8)   0   1 (4)
Mortality   8 (67)   7 (50) 15 (58)
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No side effects of the use of a chlorhexidine oral rinse, such as tooth, tongue or denture 
discoloration, prolonged taste loss or candidosis, were reported by the participants or by the 
study assistants during their monitoring visits.
Pneumonia was diagnosed in 26 (25%) participants: 12 in the intervention group (23%) and 
14 in the control group (27%). Of the participants with pneumonia, 15 died (58%) as a result 
of pneumonia: 8 (67%) participants in the intervention group and 7 (50%) in the control group. 
A Kaplan-Meier method was used to calculate the survival curves in both groups (Figure 2). 
Survival curves in the intervention group showed no significant difference in the incidence of 
pneumonia compared with the control group (log rank, p =0.571). Cox regression analysis 
for FOIS-level showed a significant risk of the incidence of pneumonia (HR = 0.804, [95% CI 
0.656 – 0.986], p = 0.036) (Table 4). After adjustment for Group and FOIS-level, Cox multivariate 
regression analysis showed that the variables age, gender, CDS-score, number of diagnoses, 
medication use, number of teeth, and the presence of dental implants or removable dentures 
were not significantly associated with the incidence of pneumonia.
Figure 2 Survival Plot
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Table 4 Results of Cox regression analysis for group and FOIS-level of the risk of the incidence of pneumonia and 
Cox’s multivariate proportional hazards regression model of possible risk factors for pneumonia after correction 
for group and FOIS-level presented as hazard ratio (HR), 95% confidence interval (95% CI) and P-value
HR 95% CI P-value
Group (Intervention / Control) 0.800* [0.368 – 1.737] 0.572
FOIS-level 0.804* [0.656 – 0.986] 0.036
Age 0.990 [0.943 – 1.039] 0.684
Gender 1.017 [0.469 – 2.205] 0.965
CDS-score 0.976 [0.948 – 1.006] 0.118
Number of diseases 1.046 [0.873 – 1.253] 0.628
Number of used medication 1.087 [0.977 – 1.210] 0.127
Oral status (edentulous/dentate) 1.526 [0.702 – 3.319] 0.286
Number of teeth 1.002 [0.923 – 1.089] 0.956
Dental implants (yes/no) 1.104 [0.247 – 4.941] 0.897
Removable denture (yes/no) 1.057 [0.236 – 4.725] 0.942
*HR-ranges for Group from 0.664 to 0.939 and HR-ranges for FOIS-level from 0.738 to 0.920 in the nine 
different Cox’s multivariate proportional hazards regression models with possible risk factors
Discussion 
Unfortunately, we were unable to recruit the required number of participants to achieve sufficient 
power to compare the risk of aspiration pneumonia in nursing home residents with dysphagia 
who received a daily application of a 0.05% chlorhexidine oral rinse solution in addition to usual 
daily oral hygiene with those who did not received this intervention. This power issue might 
explain why we did not find a significant effect from the intervention. However, with regard to 
the secondary outcome, we consider the power to be sufficient to analyse the associations 
between the background variables and the incidence of pneumonia in the included nursing 
home residents with dysphagia.
In addition to that, the percentage of dropouts (44%) and the small percentage of participants left, 
who were enrolled in the intervention group for a full year (29%), were not able to demonstrate a 
possible beneficial effect of the chlorhexidine oral rinse on the reduction of aspiration pneumonia. 
The participants in this study were at greater risk of dying, because they suffered from 
multimorbidity and polypharmacy (respectively, mean number of diseases 4.5 ± 2.3, number of 
medication use 9.0 ± 3.7) and were in extremis care dependent (mean CDS-score 36.5 ± 15.8) 
[42]. The dropout rate in this study seems high, but this dropout rate and reasons for dropping 
out in the present study are comparable to other studies [23,43]. Strengths of this study were 
the long duration, the number of nursing homes spread over The Netherlands, and supervised 
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enrollment and monitoring of the intervention by a study assistant and a staff member. To our 
knowledge, this is the first reported trial to study the effect of a 0.05% chlorhexidine oral rinse 
solution on reducing pneumonia in nursing home residents with dysphagia.
The present study could not demonstrate that the daily use of 0.05% chlorhexidine oral rinse 
solution in addition to the usual oral hygiene care reduced the incidence of aspiration pneumonia 
significantly, compared to nursing home residents who received only the usual oral hygiene care. 
Juthani-Mehta et al. (2015) found a similar result among 834 nursing home residents with impaired 
swallowing function and/or oral hygiene care, who received manual tooth brushing plus a 0.12% 
chlorhexidine oral rinse, twice per day, together with upright positioning during feeding during in 
a 2.5 year follow-up study [33]. That study also did not find a reduced incidence of pneumonia, 
although it was reported that the compliance of the nursing staff with the intervention protocol may 
have been inadequate for preventing pneumonia. In our study, extensive efforts were made to 
enhance the compliance by intensive monitoring of the participants in the intervention group and 
their nursing staff. However, despite the supervised enrollment of participants in the intervention 
by members of the nursing staff and study assistants, it is unknown in what manner the instructed 
information was passed from the study team to the nursing staff. In addition, another presumption 
of non-structural compliance with the protocol was made, arising from the fact that it appeared 
that less than the calculated amount of oral rinse was used for the entire study. A previous study 
reported that supervised implementation of an oral health care protocol improves the knowledge 
of the nursing staff about oral hygiene care, but not their attitude [44]. We were unable to obtain 
adequate information about the attitude of the nursing staff during this study. 
In general, integration of oral hygiene care into daily care in nursing homes is still a problem 
[45]. It is important to note that a recently published meta-analysis found there is evidence 
that oral care interventions made by nursing staff probably result in little or no difference in 
mortality from pneumonia compared to usual oral care. In contrast, oral care interventions made 
by dental professionals may reduce mortality from pneumonia [46]. These findings strengthen 
the importance of the contribution made by the expertise and practice of dental hygienists or 
dentists in nursing homes to providing oral hygiene care and solving oral care challenges in 
these complex health care settings [47]. 
In this study a low-concentration and non-alcoholic chlorhexidine oral rinse solution was used to 
reduce possible side effects of long-term use of chlorhexidine [48]. It is unclear whether a higher 
concentration of chlorhexidine oral rinse solution or using any (safe) chlorhexidine solution is 
effective to prevent nursing home residents from developing aspiration pneumonia [33,49]. 
A systematic review reported rather strong evidence that oral hygiene care, including chlorhexidine 
rinse or gel, significantly reduces the risk of VAP. Nonetheless, this review found no evidence that 
oral hygiene care with chlorhexidine makes a difference to the number of patients who die in ICU; 
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only limited evidence was found on the effect of tooth brushing on the risk of developing VAP 
[50]. The differences in the reduction of pneumonia found in both studies might be explained 
by the fact that most ICU patients receive nasogastric tube feeding, which means that there is 
less aspiration of food into the lower tract. In our study the participating nursing home residents 
had dysphagia and they mostly received an oral diet, whether or not in multiple consistencies or 
with specific food limitations. With this in mind, it seems reasonable that ICU patients should be 
better prevented from aspiration pneumonia than nursing home residents. 
This assumption is supported by one of the findings from the secondary outcomes. Dysphagia 
was found in this study to be a significant risk factor in the development of pneumonia. Dysphagia 
determined by FOIS-level reflects a dysfunction in the process of oral intake, in which the FOIS-
level indicates the functional oral intake of food and liquid and the severity of the dysphagia. 
No difference in mean FOIS-level was found between the participants in the intervention and 
control groups, which had respectively mean FOIS-levels of 4.8 (± 1.5) and 4.9 (± 1.5) (p = 
0.706). A total mean FOIS-level of 4.8 (± 1.5) indicates that all participants had adjustments in 
their oral diet, mainly in the consistency of their food. These different consistencies of their food 
vary in order to prevent aspiration. In spite of these adjustments in the oral diets of the residents, 
they were still at a higher risk of aspiration. This finding confirms that nursing home residents 
with dysphagia are at a higher risk of pneumonia, which has been shown by previous studies 
[12,14,51,52]. 
This finding suggests that nursing home residents should receive more guidance in using 
strategies to prevent aspiration during eating and drinking, such as not eating or drinking when 
feeling rushed or tired, eliminating distractions during swallowing, avoiding consuming solid and 
liquid food at the same time, and using a teaspoon for putting small amounts of food or liquid 
into the mouth [53]. Tongue cleaning too seems to improve the coughing ability in nursing home 
residents, which may prevent aspiration [54]. 
From the findings of this study, it appears that oral intake of food plays a more important role in 
the onset of aspiration pneumonia than the amount of dental plaque because it seems likely that 
the oral bacteria are transported by the food into the lungs. After aspiration, it is unclear whether 
the oral bacteria or the food provoke the eventual pneumonia, as both are possible causes. 
Future studies are needed to investigate this. 
Other factors, such as age, care dependence, and number of diseases or medications, were not 
established as risk factors for pneumonia in this study. The combination of chronic diseases and 
geriatric syndromes has a substantial effect on the functional status of the elderly and increases 
their frailty [55]. It is proposed that the cumulative effect of multimorbidity, amount of medication 
and care dependence influences the prevalence and degree of frailty and makes nursing home 
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residents more vulnerable to pneumonia. Owing to multiple factors, such as frailty, impaired 
efficacy of swallowing, decreased cough reflex and neurological complications, dysphagia can 
also be considered as a geriatric syndrome [56]. The standard performance of a swallowing 
assessment in all nursing home residents at admission, followed by a regular update and 
evaluation of their swallowing status, can be helpful for identifying dysphagia. 
Based on the findings of this study and the reasons why participants dropped-out, further definitive 
trial with a 0.05% chlorhexidine oral rinse may not be appropriate. More studies are needed to 
investigate which interventions are effective in order to establish an evidence-based oral hygiene 
care protocol to prevent nursing home residents from developing aspiration pneumonia.
Conclusion
Chlorhexidine oral rinse solution 0.05% as an adjunctive intervention to daily oral hygiene care 
was not found to reduce the incidence of aspiration pneumonia. The requested number of 
participants to achieve sufficient power was not established and high drop-out rate and non-
structural compliance was present. The power issue might be an explanation why a significant 
effect from the intervention was not found. With regard to the secondary outcome, the power was 
considered to be sufficient to analyze the associations between the background variables and the 
incidence of pneumonia in the included nursing home residents with dysphagia. Dysphagia was 
found to be a risk factor for aspiration pneumonia and can be considered a geriatric syndrome. 
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General Discussion
The basis of primary prevention in oral health is individual oral hygiene care. The oral cavity 
reservoirs potential respiratory pathogens in the dental plaque, which can induce (aspiration) 
pneumonia in care-dependent people, such as care home residents. To protect care home 
residents from (aspiration) pneumonia, the colonization of the oropharynx by these pathogens 
should be prevented with oral hygiene care. To date, it is not clear which oral hygiene care 
interventions are the most effective and efficacious in reducing (aspiration) pneumonia in care 
home residents. Owing to the high incidence of (aspiration) pneumonia among care-dependent 
residents with dysphagia, it is vital that a better understanding of the underlying factors that may 
be contributing to this problem is gained. 
There also is a need for caregivers to provide assistance to care-dependent people in keeping 
up their complex oral hygiene care to prevent them from acquiring oral diseases and general 
health complications. It is, therefore, important to gain more insight into the knowledge and skills 
of these caregivers. 
The first main objective of this thesis was to provide greater insight into how daily complex 
oral hygiene care is handled by nursing staff. The knowledge and skills of the nursing staff 
were studied in performing daily oral hygiene care on a ward with care-dependent neurological 
patients and the effect of education and training on performing a basic oral examination to 
ascertain the required individual oral hygiene care. The findings of this study were presented in 
Chapter 2. These results can be used to determine specific appropriate tools and advice. The 
second main objective was to obtain more insights into which characteristics, (medical) risk 
factors or diseases were associated with (aspiration) pneumonia in care-dependent residents. 
Further studies were conducted to gain these insights. These studies were presented in 
Chapters 4 and 5. Finally, the third main objective of this thesis was to investigate whether the 
incidence of (aspiration) pneumonia could be reduced in care home residents with dysphagia by 
adding a 0.05% chlorhexidine-containing oral rinse solution to the usual daily oral hygiene care. 
To investigate this research question, a study protocol of a multicenter randomized controlled 
trial was developed, which was described in Chapter 3. The results of this study were described 
in Chapter 6. 
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7.1  Interpretation of the results:  
Discussion and methodological issues 
This thesis describes a series of studies that were originally reported on as separate articles. 
Because the results of the studies were interrelated, these results can be classified under the 
following four topics:
a Daily oral hygiene care by nursing staff
b Diagnosing pneumonia versus aspiration pneumonia
c  Dysphagia and other associated factors of aspiration pneumonia
d Chlorhexidine solution and aspiration pneumonia  
a Daily oral hygiene care by nursing staff 
The study on a neurological ward of a hospital revealed that the nursing staff showed a significant 
lack of knowledge about relevant aspects of handling and cleansing the removable dentures of 
their patients. Furthermore, the nursing staff experienced several problems when providing oral 
hygiene care, such as a restricted mouth opening and the unpleasantness of tongue cleansing. 
The nursing staff reported problems with care-dependent patients who refused oral health care. 
These refusals  caused perceptions of insecurity among the nursing staff during the providing of 
oral hygiene care. The nursing staff considered performing oral hygiene care as an unpleasant 
care task (Chapter 2). Our findings are in accordance with other studies carried out in nursing 
homes [1-4]. Despite the fact that our study was conducted in a neurological ward of one 
hospital, we conclude that certain problems regarding the provision of oral hygiene care in care-
dependent patients by nursing staff are similar regardless of their care settings. 
Nevertheless controversy surrounds the effect of the training and education of nursing staff in oral 
health interventions. On the one hand, previous studies have found that a supervised implementation 
of oral healthcare protocols improves the knowledge of nursing staff about oral hygiene care, 
although not their attitude and skills [5-6]. On the other hand, certain studies have pointed out that it 
is important to (re)train and educate nursing staff to keep up their skills, as this positively influences 
their attitude to and perceptions of the need for oral hygiene care [1-4]. Notably, a systematic 
review concluded that there is insufficient evidence to draw robust conclusions about the effects of 
oral health educational interventions for nursing home staff and residents. No meaningful effects 
of educational interventions or strong evidence could be identified regarding certain parameters 
of residents' oral health, such as amount of dental and denture plaque [7]. The conclusion was 
drawn that retraining nursing staff in oral health and hygiene care seems not sufficiently effective in 
improving the oral health of care-dependent residents [7]. 
Also the results of a meta-analysis found low to moderate evidence that oral care interventions 
by nursing staff result in little or no difference in mortality from pneumonia compared to usual oral 
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care. However, oral care interventions given by dental personnel seemed to reduce mortality from 
pneumonia [8]. Therefore oral care interventions in care-dependent patients handled by dental 
professionals are of great value [8-10]. The expertise and practice of dental professionals can 
make a contribution to solving complex oral care challenges in these health care settings [9-11]. 
This strengthens the importance of shifting from only extra training and education of the nursing 
staff to a focus where dental professionals form an essential part of every multidisciplinary team 
in complex healthcare facilities.
Our study also revealed an objective lack of knowledge among the nursing staff, but the 
staff themselves did not address this lack of knowledge and they perceived themselves to 
be competent to perform an oral examination. Remarkably, while the education and practical 
training did not improve their practical performance, it statistically significantly enhanced their 
feelings of competence regarding their knowledge and skills for performing a structured basic 
oral examination. Our guideline for a structured basic oral examination also ensured that nursing 
staff indicated the required oral hygiene care in neurological patients (Chapter 2). No information 
is available about whether the training and their enhanced feeling of confidence had a positive 
influence on patients’ oral health status. More studies are needed to investigate the usefulness 
of the guideline for a structured basic oral examination in different care settings.
b Diagnosing pneumonia versus aspiration pneumonia
To gain more insight into which characteristics should be present for the clinical diagnosis 
of pneumonia and aspiration pneumonia in nursing home residents, initially 214 experts in 
geriatrics and pulmonology were consulted using an electronically modified Delphi Method. 
No consensus was reached in defining characteristics for diagnosing nursing home-acquired 
pneumonia (NHAP), possibly because of the atypical presence of NHAP [12]. Consensus was 
reached about the risk factors for considering a diagnosis of aspiration pneumonia: dysphagia, 
choking incident, (history of) tube feeding, neurological disease and cognitive impairment. 
On the basis of these indicators, a most likely diagnosis of aspiration pneumonia could be 
made. The commonly accepted definition that aspiration pneumonia is “an infective pneumonia 
in patients with a predisposition for aspiration [13] was reconfirmed by considering these risk 
indicators (Chapter 4). 
The Delphi Method was used to reach consensus about these characteristics among these 
experts. A response rate of 44 experts and the homogeneous and Dutch composition of the 
expert panel can be considered as limitations of the study. However, a homogeneous panel of 10 
to 15 participants is deemed sufficient in this type of study [14-15] and therefore the panel of 44 
experts who participated in the final round of this study can be considered as sufficient. Because 
experts from only the Netherlands were approached for this study the results of this study may 
not be generalized internationally (Chapter 4).
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 115
115
c
h
a
p
te
r
 7
A limitation in diagnosing (aspiration) pneumonia during the clinical trial in care home residents 
with dysphagia was the impossibility of making a valid clinical distinction between aspiration 
pneumonia and pneumonia (Chapter 6). When symptoms of (aspiration) pneumonia occurred 
in a participant, the care home resident was physically examined by a physician. No established 
clinical characteristics were available at that moment to make a precise clinical distinction 
between NHAP and aspiration pneumonia. To confirm aspiration pneumonia definitely, chest 
radiographic examination with fluoroscopy is required [13,16]. However, in daily practice in care 
homes such an examination is seldom possible and transferring ill care home residents to a 
hospital for such an examination is contra-indicated [17,18]. It is unknown in this clinical trial how 
many cases of pneumonia should have been considered as aspiration pneumonia (Chapter 6).
In the treatment of care home residents it is important to make a clinical distinction between 
pneumonia and aspiration pneumonia because each diagnosis initiates a different treatment. 
Pneumonia in care home residents, such as NHAP, is considered as a form of healthcare-
associated pneumonia (HCAP). A guideline of The American Thoracic Society and the Infectious 
Diseases Society of America suggests that HCAP patients, including those with NHAP, should 
be treated with the same broad-spectrum antibiotics as hospital-acquired pneumonia to 
cover multidrug resistant (MDR) pathogens [19]. However, treating NHAP as HCAP has been 
controversial because the microbial distributions of NHAP vary according to nation, region, study 
design and disease severity [20-23]. Most cases of the pneumonia in nursing home or care 
home residents are caused by unknown etiology or viral pathogens, which means that for these 
residents their pneumonia should not be treated as HCAP [21-23]. 
The difficulty in making a clinical distinction between these pneumonias means that a treatment 
with broad-spectrum antibiotics is often started, although several studies do not recommend 
applying a broad-spectrum antibiotic [21-25]. Little evidence exists to suggest the clinical 
superiority of one antibiotic over another for NHAP [26] and unnecessary treatment with 
antibiotics increases the risk of antibiotic resistance and MDR bacteria colonization. Despite 
the fact that NHAP patients have higher mortality rates than patients with community-acquired 
pneumonia (CAP), this mortality is related to disease severity and not to the presence of MDR 
pathogens or NHAP itself [20,23]. Treating care home residents with pneumonia with broad-
spectrum antibiotics should be reserved for residents with severe pneumonia or at high risk of 
MDR bacterial infection to prevent unnecessary treatment with antibiotics [21,23]. 
Aspiration pneumonia can also be classified as a bacterial aspiration pneumonia or chemical 
pneumonitis. Bacterial aspiration pneumonia is induced by the actual aspiration of bacteria 
residing in the upper airways and stomach, while chemical pneumonitis is caused by the aspiration 
of stomach contents or gastric acid [13,27]. Chemical aspiration pneumonitis should be treated 
with airway clearance and oxygen supplementation and bacterial aspiration pneumonia requires 
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treatment with antibiotics. Because chemical pneumonitis is difficult to differentiate from bacterial 
aspiration, chemical pneumonitis is often (over)treated with antibiotics [27]. 
Owing to the lack of diagnostic methods in care homes for making a valid clinical distinction, a 
clinical guideline that indicates treating NHAP as HCAP and the existing lack of clarity as to which 
antibiotic should be used, physicians face a medical ethical dilemma regarding the treatment 
of pneumonia in care home residents and are forced to use a broad-spectrum antibiotic. 
Clinical decisions about prescribing or withholding antibiotics are surrounded by uncertainty 
and therefore difficult to make. Because antibiotics probably increase the survival of a limited 
number of residents [28], it should be questioned whether antibiotics actually enhance comfort 
[29]. Probable benefits of antibiotics must be weighed against potential adverse effects such as 
burdensome side effects, prolonging of the dying process and antibiotic resistance [28,30,31].
 
Future studies are needed to clarify whether the indicated risk factors for aspiration pneumonia 
are accurate and valid predictors compared to diagnoses based on chest photographs. 
Additional diagnostic laboratory tests are recommended for making an accurate diagnosis, 
such as examining blood and sputum samples, in combination with the available information 
about the patient’s medical history and physical examinations [32,33]. Prevention and early 
diagnosing of (aspiration) pneumonia are important for optimizing health, reducing related costs 
and maintaining the quality of life of nursing home residents [34-36](Chapter 4).
c Dysphagia and associated factors of aspiration pneumonia
Dysphagia was found to be a statistically significant associated factor for the incidence of 
aspiration pneumonia in care home residents (Chapters 5 and 6). An expert panel indicated 
dysphagia, choking incident, (history of) tube feeding, neurological disease and cognitive 
impairment as risk factors for considering a diagnosis of aspiration pneumonia (Chapter 4). 
In our clinical trial, a higher level of severity of dysphagia was a significant risk factor in the 
incidence of pneumonia in care home residents. Other variables such as age, gender, number of 
diseases, medication use, care-dependency-score, number of teeth, and the presence of dental 
implants or removable dental prostheses were not statistically significantly associated with the 
incidence of pneumonia (Chapter 6). 
In our study of electronic medical files of the nursing home residents, no statistically significant 
associations were found between NHAP and medical diseases and medical conditions. This meant 
that it was not possible to establish an additional medical risk profile of NHAP. But a statistically 
significant higher incidence of NHAP was found in residents with dysphagia and, as a result of 
this, dysphagia was identified again as a risk factor for NHAP (Chapter 5). We propose that the 
cumulative effect of aging, multimorbidity, number of medications and degree of care dependency 
influences the prevalence and the degree of frailty and makes nursing home residents more 
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vulnerable to pneumonia (Chapter 5). Owing to the multiple chronic factors that play a role in 
dysphagia, dysphagia can also be considered a new geriatric syndrome [37] (Chapter 5). 
The retrospective character of this study means that there are some methodological issues 
concerning the reliability and validity of the determination of dysphagia (Chapter 5). In this 
study no inter-rater and intra-rater reliability test and calibration with the speech therapists were 
possible. This meant that different diagnostic methods were used, which might have led to 
different diagnoses of dysphagia and possibly under diagnosis. This possible under diagnosis 
might explain the overall lower prevalence of dysphagia we found, compared to previous studies 
[38-41]. This explanation is strengthened by the fact that in one of the participating nursing 
homes, where all residents had undergone a swallowing assessment at the time of admission, 
the prevalence of dysphagia was found to be significantly higher. It has been hypothesized 
that early dysphagia assessment may contribute to preventing (aspiration) pneumonia and 
possible death (Chapter 5). Oral health status, such as a low number of teeth, denture wearing 
and removing dentures, influences the swallowing process negatively and increases the risk of 
dysphagia in care-dependent elderly people [42-44]. In our study of the electronic medical files, 
accurate information was missing about the oral health status of these nursing home residents, 
which therefore could not be analyzed. 
All studies described in Chapters 4, 5 and 6 were performed in the Netherlands, which means 
that the external validity of these findings could be considered as limited and possibly biased. 
d Chlorhexidine solution and aspiration pneumonia
Daily use of 0.05% chlorhexidine solution in addition to the daily oral hygiene care did not 
significantly reduce the incidence of aspiration pneumonia in care home residents with dysphagia, 
compared to care home residents with dysphagia who received only the usual daily oral hygiene 
care (Chapter 6).  
The required power for this study was not achieved, owing to the lack of care homes willing 
to participate. Despite the power issue, it is unclear whether a larger population of care home 
residents using a 0.05% chlorhexidine solution would have shown a reducing effect on the 
incidence of pneumonia. It is doubtful that a larger population would have made a difference 
because these participating care home residents belong to a frail population that suffers from 
more multimorbidity, polypharmacy and care dependency [45]. Therefore these residents are 
at greater risk for mortality and earlier drop-out. Other studies conducted in care and nursing 
homes also demonstrated high drop-out rates [46,47].
During the clinical trial, where 0.05% chlorhexidine solution was added to the regular daily oral 
hygiene care, the intervention group and the nursing staff were intensively monitored. However, 
despite these efforts, full compliance with the study protocol by care home residents and/or 
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nursing staff was not achieved. This assumption was based on the noticeable discrepancy 
between the assessed amount of oral rinse needed to perform the study and the amount 
actually used. No information about the frequencies of the actual oral hygiene care performed or 
a possible lack of skills or knowledge or inappropriate attitude on the part of the nursing staff in 
this study was available (Chapter 6). 
The non-compliance with the study protocol might have influenced the findings in this study. Other 
studies conducted in care and nursing homes also reported problems with the compliance of the 
nursing staff [46-48]. The non-compliance could be caused by: the fact that oral hygiene care 
receives lower priority than other daily care-giving tasks, a high workload, time constraints and 
barriers experienced such as challenging patient behaviors during oral hygiene care [2,49,50]. 
Juthani-Mehta et al. (2015) experienced a similar problem with compliance among 834 nursing 
home residents with impaired swallowing function and/or oral hygiene care, despite additional 
instructions for staff and participants [51]. It is unclear which factor(s) led to the structural non-
compliance in our study. 
It is considered that this structural non-compliance was caused by an insufficiently well-trained 
nursing staff performing the daily oral hygiene care and/or using the chlorhexidine solution. 
However, as described in 7.1a, it should be questioned whether retraining and educating the 
nursing staff would have led to more satisfying results. Several studies showed that education 
in oral hygiene care did not enhance or change the skills or attitude of nursing staff [5,6] and 
oral care interventions given by nursing staff resulted in little or no difference in mortality from 
pneumonia compared to usual oral care[8]. This makes it uncertain whether education prior to 
the implementation would have made a difference to the compliance of the nursing staff and 
eventually to the findings of the study. 
The findings of our study show the methodological challenges inherent in a large-scale study 
in long-term care facilities. The methodological challenges reflect the unpredictable reality of 
everyday care in these facilities. This immediately demonstrates the complexity of assessing 
interventions in vulnerable patient groups in complex care settings, such as care-dependent 
residents in care homes. Each care home has its own unique setting and its potential barriers. In 
order to implement a new intervention, protocol or guideline, it is important to determine which 
potential barriers are present in the setting and target group and then choose a strategy that is 
particularly tailored to achieving successful implementation in that setting [52]. However, by using 
a tailored implementation for each care home, generalization of the results and external validity 
are difficult to achieve. Before the start of our clinical trial in which the daily 0.05% chlorhexidine 
solution was applied, potential barriers and their associated factors were not identified. This 
could explain the structural non-compliance with the study protocol by the care home residents 
and/or nursing staff (Chapter 6). 
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In previous studies, a reduction of nosocomial pneumonia and ventilator-associated pneumonia 
(VAP) was found from using chlorhexidine in hospitalized patients or patients in Intensive Care 
Units (ICUs) [53,54]. According to the results of our study and the study of Juthani-Metha et al. 
(2015) doubts may raise whether a chlorhexidine solution is an effective intervention in reducing 
pneumonia in care-dependent elderly people or not. Juthani-Metha et al. (2015) also did not find 
a reduced incidence of pneumonia in care-dependent elderly people who received manual tooth 
brushing plus a 0.12% chlorhexidine oral rinse, twice per day, together with upright positioning 
during feeding during in a 2.5 year follow-up study [51]. These doubts are motivated by three 
hypotheses. First, ICU patients or mechanically ventilated patients are more closely monitored for 
deteriorations in their general health, which means that signs of pneumonia are detected earlier. 
Secondly, more interventions aimed at infection control are made in ICU patients or mechanically 
ventilated patients than in care home residents. Especially in patients with mechanical ventilation 
or in patients receiving nasogastric tube (NGT) feeding, standardized daily oral hygiene care 
is performed by the nursing staff [55]. Thirdly, most patients with mechanical ventilation and 
ICU patients receive NGT or percutaneous endoscopic gastrostomy (PEG) feeding. These 
patients have, in contrast with care home residents, no oral intake of food, which prevents 
them from aspirating food and in this way prevents a chemical pneumonia [56]. Owing to the 
close monitoring of mechanically ventilated and ICU patients, more standardized oral hygiene 
care and the prevention of aspiration by NGT or PEG feeding, it seems reasonable that these 
patients are better protected from (aspiration) pneumonia than care home residents. From the 
results of our study and these abovementioned factors, it is plausible to attribute the effect of 
reducing (aspiration) pneumonia in patients with mechanical ventilation and ICU patients not 
only to the use of a chlorhexidine solution. Additionally, a recent study found a reduction of VAP 
from daily brushing with distilled water [57]. Other factors might have influenced the reduction of 
(aspiration) pneumonia in these previous studies.
Kikawada et al. (2005) describe four factors in the management of preventing aspiration 
pneumonia: gastroesophageal reflux, changes of oropharyngeal colonization, aspiration and 
decreased host defense [58]. Before the start of our clinical trial, the hypothesis was that the 
daily use of a 0.05% chlorhexidine solution would affect the oropharyngeal colonization and 
that the incidence of aspiration pneumonia would in this way be reduced. We kept in mind 
that pathogenicity of the oral biofilm depends on the number and types of oral bacteria and 
varies considerably from health to gingivitis to periodontitis. Bacteria associated with certain oral 
diseases vary in composition as well as from patient to patient and from site to site within the 
same mouth [59]. We considered that bacterial composition of the biofilm was more important 
than the amount of oral biofilm. For this reason, the amount of biofilm present was not measured 
at baseline. By using a chlorhexidine solution, the growth of the oral biofilm would be inhibited 
along with its bacterial composition and oropharyngeal colonization would therefore be reduced.
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Reflecting on our results, we hypothesize that oral intake of food and its possible aspiration might 
play a more important role in the onset of aspiration pneumonia in care home residents than the 
amount of oral biofilm and its bacterial composition. It seems likely that oral bacteria are transported 
by the food into the lungs. After aspiration, it is unclear whether the oral bacteria or the food provokes 
the eventual pneumonia. Both are possible causes. More studies are needed to assess the role of 
food and oral biofilm in the onset of aspiration or bacterial pneumonia (Chapter 6). 
Another reason for our new assumption that the bacterial composition of the biofilm is less 
important than we originally thought is driven by the fact that we found no difference in the 
incidence of (aspiration) pneumonia between edentulous and dentate residents (Chapter 6). 
Different types of microorganisms are found in residents with complete dentures and residents 
who are partially edentulous or dentate people [59]. Previous studies showed that dentures are 
a reservoir for respiratory pathogens in the oral cavity, which increases the risk of developing 
(aspiration) pneumonia [60-62]. O’Donnell et al. (2016) suggest that the use of antiseptic 
cleansing agents in the oral hygiene regime of denture cleaning might be helpful in reducing 
the risk of respiratory infection among the elderly population [62]. From our results, we assume 
that the use of a 0.05% chlorhexidine solution as an adjunctive to oral hygiene care did not 
sufficiently intervene in bacterial composition and oropharyngeal colonization of our dentate and 
edentulous participants and did not protect them from (aspiration) pneumonia. An important 
question to ask is whether (different) oral hygiene regimes in care-dependent residents and a 
different oral health status really influence the incidence of (aspiration) pneumonia. More studies 
are needed to address this question.
Furthermore, in the clinical trial, we chose to include care home residents with dysphagia to 
strengthen the possible diagnosis of aspiration pneumonia. Reflecting on this inclusion now, it 
seems more accurate to include all care home residents on the ward because of the assumption 
of under diagnosis of dysphagia (Chapter 5) and the suspected role of oral food intake in the 
onset of aspiration or bacterial pneumonia (Chapter 6). In addition, in our study dysphagia was 
determined by FOIS-level. The FOIS-level indicates the severity of dysphagia by the functional 
oral intake of food and liquid [63] and provides adjustments in food consistencies in order to 
prevent residents from aspirating. The residents who had no restrictions in functional oral intake 
were not included in the trial. In hindsight, if these residents had been enrolled in this trial, the 
role of oral food intake and severity of dysphagia could have been examined in relation to the 
occurrence of aspiration pneumonia. Another limitation in our study is that we did not study the 
variety of adjustments of food consistencies in relation to the incidence of (aspiration) pneumonia 
(Chapter 6). In future studies, besides the various adjustments in food consistencies, the 
possible strategies used by the residents or the nursing staff to prevent aspiration during eating 
and drinking should be studied in order to determine the role of oral food intake and severity of 
dysphagia in relation to the occurrence of aspiration pneumonia.
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7.2 Overall conclusions 
•	  There was a significant lack of knowledge of the relevant aspects of handling and cleansing 
removable dentures and several barriers are experienced by the nursing staff that provides 
oral hygiene care (Chapter 2).
•	 	A guideline for a structured basic oral examination as provided to nursing staff ensured 
sufficient background for performing oral hygiene care in neurological patients (Chapter 2). 
•	  No consensus was reached by clinical experts in nursing home care, geriatrics and pulmonary 
diseases in defining characteristics for diagnosing NHAP (Chapter 4).
•	  Consensus was reached about the risk indicators dysphagia, choking incident, (history of) 
tube feeding, neurological disease and cognitive impairment for considering a diagnosis of 
aspiration pneumonia in nursing home residents with pneumonia (Chapter 4).
•	  Dysphagia was shown to be a factor that was statistically significant associated with the 
incidence of pneumonia (Chapter 5 and 6).
•	  No statistically significant associations were found between NHAP and included ICD-10 
medical diseases and conditions (Chapter 5). 
•	  The daily use of 0.05% chlorhexidine oral rinse solution as an adjunctive to the daily oral 
hygiene care was not found to reduce the incidence of aspiration pneumonia statistically 
significantly in care home residents with dysphagia, compared to care home residents with 
dysphagia who received only the usual oral hygiene care (Chapter 6). 
7.3 Recommendations
•	  Dental professionals should take part in a multidisciplinary team in healthcare facilities.
•	 	Possible barriers should be identified on a care ward and a strategy tailored to meet these 
barriers before a guideline for oral hygiene care is implemented. 
•	 	A standard swallowing assessment should be implemented for each new resident in nursing 
homes along with regular up-dates and evaluations of their swallowing status to avoid under 
diagnosis of dysphagia.
•	 	 More studies are needed for investigating whether oral intake of food might play a more 
important role in the onset of (aspiration) pneumonia in care home residents than the amount 
of oral biofilm. 
•	 	More studies are needed for investigating which interventions and strategies are the most 
effective in the prevention management of aspiration pneumonia.
•	 	 More studies are needed for investigating whether and which (different) oral hygiene regimes 
in residents influence the incidence of (aspiration) pneumonia.
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7.4 Future perspectives and recommendations 
Oral health and oral hygiene care of Dutch elderly in the near future
In the Netherlands there are approximately 3 million elderly people of the age of 65 or older. It 
is expected that by 2030 there will be 1 million care-dependent elderly people [64]. With this in 
mind, we face a great responsibility to take (oral) care of our elderly people. Daily oral care for 
elderly people has shifted from providing denture care to providing oral hygiene care of natural 
dentition [65]. By 2014, for example, the number of Dutch elderly people who retained their 
natural dentition had increased to 68% [66]. 
It is a challenge to maintain good oral health into old age because functional and cognitive 
decline in older people results in their experiencing difficulties in performing daily oral hygiene 
care [67]. Frailty negatively influences the perspective of elderly people regarding oral health 
and related behaviors. This in turn results in less-regular visits to oral healthcare professionals 
and in different ideas of their need for oral health care [68,69].Dentists also experience barriers 
in delivering oral health care to older people, which are caused by inadequate equipment and a 
lack of knowledge about oral health care in geriatric people [70,71].
Owing to the changes in the Dutch Healthcare System in 2015, in terms of which the Long-Term 
Care Act was introduced [72], it is expected that in the near future more care-dependent and 
frail elderly people with complex oral health statuses and poor oral health will live independently 
for longer, before they are admitted to a nursing home. These frail elderly people depend on 
the availability of their network and community nurses to access professional oral healthcare 
and also for their daily oral hygiene care. In general, nurses are not well trained, have a lack of 
knowledge and experience barriers in providing oral hygiene care [2-4]. It is hypothesized that 
these problems in oral hygiene care will in future be faced by community nurses too. Future 
studies are needed to confirm this hypothesis. 
Revision of oral healthcare for care-dependent elderly people
In the near future, the complexity of the oral health status of care-dependent elderly people will 
increase when they enter long-term facilities. The complexity in their oral health status is caused 
by two factors: 1. Improvements in professional dental care mean more dentulous patients 
with a more complex oral health status and 2. Greater self-care disability. Self-care disability is 
defined as difficulty with conducting or dependence on others to conduct activities of daily living 
(ADLs), such as bathing, eating and dressing [73], and also dependence on oral hygiene care. 
In light of the current and expected future socio-demographic trends, the changes in the Dutch 
Healthcare System and the demands of complex oral hygiene care, a greater deployment of 
dental professionals is needed. 
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To be able to provide this demanding and complex oral (hygiene) care, the question must be 
asked whether handling of and taking responsibility for this care should lie with nursing staff. 
This question is justified, after years of training nursing staff with disappointing results and low 
improvement in their skills and knowledge and the concomitant low levels of improvement in 
the oral hygiene and health of care-dependent patients. Several studies have shown that the 
education of nurses is not sufficient to improve their skills in providing oral hygiene care in care-
dependent patients [5,6] and have demonstrated that oral care interventions in care-dependent 
patients handled by dental professionals are of great value [8-10]. It is recommended, therefore, 
that the approach shifts from only providing extra training and education of the nursing staff 
to a focus where dental professionals are made an essential part of every multidisciplinary 
team in complex healthcare facilities. These dental professionals are needed for improving oral 
care and oral hygiene care in the care-dependent elderly. The expertise and practice of dental 
professionals in complex care facilities can make a contribution to solving oral care challenges 
in these healthcare settings [9-11]. This is why revision of the organization of oral care and 
interpretation of how to provide this oral care is needed [74].
The revision of the organization of oral care needs to focus on three points. The first is the 
prevention of the deterioration of the oral health of care-dependent elderly people. To achieve this, 
it is of great importance that the oral health status of these elderly people is actively monitored by 
well-trained dental professionals and other healthcare professionals. By identifying individuals 
at any early stage of dependency and by monitoring of their oral health, a structured approach 
to prevention can be undertaken that involves both a self-care plan and professional treatment 
[74,75]. Dental professionals, such as dental hygienists, should visit care-dependent elderly 
people at home for regular dental examinations, when these elderly people are not able to visit 
a dental office. This suggests that direct cooperation between dental professionals and home 
care organizations is needed. Also more collaboration between general practitioners and dental 
professionals needs to take place. General practitioners can contribute to monitoring the oral 
health of frail elderly people by encouraging these elderly people to visit a dental professional at 
least twice a year. When this is not possible, general practitioners can set up an appointment for 
a dental check-up at home. 
Second, dental professionals, preferably dental hygienists, need to take the lead in integrating 
oral (hygiene) care as oral healthcare managers (OHCMs). In long-term facilities an OHCM can 
proactively monitor the oral health and oral hygiene care to prevent the residents from acquiring 
oral hygiene and health complications [76,77]. Dental hygienists have been shown to be capable 
of performing dental examinations and formulating appropriate (daily) oral hygiene plans for care 
home residents by using their expertise in oral systemic health and oral hygiene care [76,77]. 
Oral health and oral hygiene care need to be incorporated in the general care plans of care home 
residents [10,67]. In addition, an OHCM can play a role in implementing the ‘Oral health care 
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Guideline for Older people in Long-term care Institutions’ (OGOLI) [78] and in identifying possible 
barriers and success factors before the start of the implementation. Also, it is recommended that 
the OHCM is made more responsible for education and training of the nursing staff in performing 
daily oral hygiene care.  Interventions made by OHCM may be effective in promoting health 
benefits for nursing home residents. These interventions includes oral care planning for nursing 
facilities and education about the assessment of oral health, the proper materials for oral care, 
risk management in oral care, and other facility-specific issues related to oral health [10]. In the 
Netherlands, dental hygienists are also educated in oral (hygiene) care planning and in giving 
information to patients and other caregivers on how to perform oral hygiene care to prevent oral 
health complications [79].
The OHCM can provide bedside training to ensure that the nursing staff is well trained for carrying 
out this oral hygiene care adequately. In complex oral hygiene cases, the OHCM can support the 
nursing staff in performing bedside oral hygiene care. OHCMs can also provide chair-side care 
in care homes, such as removing supra- and subgingival dental plaque and calculus; cleansing 
dental implants, tongues and dentures; treating primary carious lesions; and applying topical 
fluoride. Dentists well trained in dealing with geriatric factors during dental procedures should 
take care of the more curative interventions, such as root and secondary caries, tooth extraction, 
denture care, complications regarding dental implants and prescription of medication for oral 
complications. Future studies are needed that look at the cost effectiveness and (oral) health 
outcomes of appointing dental professionals as OHCMs in nursing homes. 
Third, revision of the care fee structure is recommended. By including dental professionals as 
an integral part of a multidisciplinary team, wherein they not only provide oral hygiene care in 
care-dependent residents but also support and educate the nursing staff, a different (care) fee 
structure is needed.  Studies are needed to pilot this new structure of oral care in Dutch long-
term care facilities, in which the quality of provided oral care and oral health and health outcomes 
in residents are assessed.
Interprofessional oral healthcare education of care-dependent people
Dental and nursing professionals need to be well educated and trained during their professional 
studies to manage these oral, dental and medical complexities in care-dependent elderly 
people. The education of dentists and dental hygienists in the Netherlands should focus more on 
geriatric specialization, with an increased focus on performing bed -and chair-side oral (hygiene) 
care in care-dependent elderly people. The dental professionals also require well-developed 
communication skills to provide oral (hygiene) care for the care-dependent elderly and these 
skills should be taught at undergraduate level [75,80,81]. 
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It is also recommended that new approaches in oral healthcare education be considered. If oral 
hygiene and health are approached from an oral-systemic health perspective, interprofessional 
retraining and education on oral-systemic health and dental hygiene are required for all (para)
medical members of a ward and not only the nursing staff. Interprofessional education programs 
with nursing, dental (hygiene) and medical students showed meaningful results in the integration 
of an oral-systematic health perspective into care plans and a better understanding of each 
other’s professional roles and responsibilities [82,83]. Nursing schools should include oral 
hygiene care and the oral-systemic relationship as prominent parts of their curricula. For dental 
professionals, it is necessary to learn how to operate as part of a multidisciplinary team in long-
term care facilities [84]. For these reasons, interprofessional education programs for nursing, 
dental (hygiene) and medical students are recommended [82,83]. Screening and monitoring 
of oral health and determination what oral (hygiene) care is needed in care-dependent people, 
require well-trained (dental) care professionals. High-quality education is necessary for handling 
the great demands of this complex oral (hygiene) care in the care-dependent elderly people of 
today and in the near future. 
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English summary
Pneumonia is an important cause of death in nursing home residents. Dysphagia and potential 
respiratory pathogens in the oral biofilm are risk factors for aspiration pneumonia. Oral hygiene 
care reduces the number of oral bacteria and the risk of aspiration pneumonia. To date, it is not 
clear which oral hygiene care interventions are the most effective and efficacious in reducing 
aspiration pneumonia in nursing home residents. With the knowledge of which oral hygiene 
care interventions are the most effective, tools and advice can be provided to improve the 
performance of adequate oral hygiene care for care-dependent people, like nursing home 
residents. In addition, greater insight is needed into the knowledge and skills required for 
providing this complex oral hygiene care in care-dependent people. 
Chapter 1 provides an introduction of these topics and main objectives of this thesis. The main 
objectives of this thesis are:
1.  To provide more insight into how daily oral hygiene care in care-dependent patients is 
handled by the nursing staff and which knowledge and skills are present.
2.  To gain more insight into which characteristics, (medical) risk factors or diseases are 
associated with pneumonia or aspiration pneumonia in care home residents.
3.  To investigate whether the incidence of aspiration pneumonia could be reduced in care home 
residents with dysphagia by adding a 0.05% chlorhexidine-containing solution to the usual 
daily oral hygiene care. 
Chapter 2 presents a study conducted to determine nursing staff’s current knowledge of 
providing oral hygiene care to patients with neurological disorders, to develop a structured 
basic oral examination guideline and flowchart, to educate and train the nursing staff practically 
concerning performing a structured basic oral examination, and to compare their perceptions of 
their knowledge and skills before and after the education and practical training. The study was 
performed at a hospital’s department for patients with neurological disorders in the Netherlands 
and conducted in two projects: (1) using a questionnaire, several aspects of providing oral 
hygiene care by the nursing staff were examined; and (2) a guideline for a structured basic oral 
examination was developed and the nursing staff received training in using the guideline. For 
the second project, the potential increase in the nursing staff’s knowledge and skills was then 
evaluated using a scoring form before and after the education and practical training, and their 
perception of performing the structured basic oral examination was assessed using a short 
questionnaire.
The results of the first project revealed that the nursing staff experienced some problems while 
providing oral hygiene care and demonstrated a lack of knowledge about cleansing and handling 
removable dentures. They also experienced some practical problems such as restricted mouth 
opening and refusing oral hygiene care. However, they considered themselves adequately 
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skilled. The education and practical training provided in the second project did not improve their 
knowledge and skills, but significantly enhanced their perception of their knowledge and skills 
concerning performing a structured basic oral examination. A potential explanation for this result 
is that the newly developed guideline for a structured basic oral examination is easy to use, 
enabling the nursing staff to follow the guideline without education and practical training. 
Chapter 3 presents a study protocol that was designed to assess whether the application of a 
0.05% chlorhexidine oral rinse solution in addition to the usual daily oral hygiene care reduces the 
incidence of pneumonia in physically disabled care home residents with dysphagia. The study 
design was a multicenter cluster randomized controlled clinical trial, with care homes as units of 
randomization. According to the protocol, during one year, 500 physically disabled care home 
residents with dysphagia would be followed. The proposed intervention consisted of applying a 
0.05% chlorhexidine oral rinse solution twice daily, immediately after the usual oral hygiene care, 
with the control group receiving no application after the usual oral hygiene care. 
The primary outcome was the incidence of pneumonia diagnosed by a physician, using a 
set of strictly described criteria. The effect of the intervention on the incidence of pneumonia 
was determined using a Cox regression analysis. The secondary outcomes were correlations 
between incidence of pneumonia, age, gender, diagnosed diseases, dysphagia severity, care 
dependency, actually used medication, number of teeth and implants present, and the presence 
of removable dentures. 
In nursing home residents, it is not possible to distinguish pneumonia and aspiration pneumonia 
clinically. International literature reveals no consensus on which and how many characteristics 
and risk indicators must be present for (nursing home-acquired) pneumonia and aspiration 
pneumonia to be diagnosed. Chapter 4 describes a study that used an electronically modified 
Delphi Method to reach consensus among a panel of clinical medical experts in geriatrics and 
pulmonology about the characteristics required for diagnosing pneumonia and about the risk 
indicators needed for considering the diagnosis to be aspiration pneumonia in nursing home 
residents with pneumonia. 
A literature review and three expert-rating iterations using the electronically modified Delphi 
Method were carried out. After each expert-rating iteration, data analysis was performed. 
Qualitative responses and additional (nursing home-acquired) pneumonia characteristics that 
were mentioned in reply to structured open-ended questions were summarized, while similar 
responses were combined and these combinations were ordered by frequency so that they could 
be used in the next iteration. Characteristics that failed to reach consensus were considered as 
inconclusive and eliminated. Consensus was reached when at least 70% of the participants 
agreed.
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The literature review revealed 16 currently used common characteristics for diagnosing (nursing 
home-acquired) pneumonia. No final consensus could be reached about which and how many 
characteristics are required for diagnosing pneumonia in nursing home residents. However, 
the results indicated that dyspnea, fever, deterioration of general functioning, tachypnea and 
crepitation with auscultation are characteristics of some importance and that at least two or three 
characteristics should be present. With regard to considering aspiration pneumonia in nursing 
home residents with pneumonia, final consensus was reached among 80% of the participants 
about the risk indicators dysphagia, choking incident, (history of) tube feeding, neurological 
disease and cognitive impairment.
Chapter 5 presents a retrospective cross-sectional study that investigated possible associations 
between nursing home-acquired pneumonia (NHAP) and dysphagia in nursing home residents 
and searched for a medical risk profile for NHAP. In 3 nursing homes in the Netherlands 416 
electronic medical files of the nursing home residents aged 65 or older were analyzed. Data 
about age, gender, diagnosis of dysphagia and/or pneumonia, medical diagnosis and possible 
cause of death of the nursing home residents were extracted from electronic medical files. 
After exclusion, the data of 373 electronic medical files were analyzed. A significant difference 
in the prevalence of dysphagia was found among the nursing homes (p<0.001). In one nursing 
home there was a significant higher prevalence of dysphagia (38%) compared to the other two 
nursing homes with lower prevalences of 14% and 8%. A possible explanation of this finding is 
an underestimation of dysphagia in these nursing homes, because in the nursing home with 
the highest prevalence all residents had to undergo a swallowing assessment. The incidence of 
NHAP was 5–12% in the participating nursing homes. A statistically significant higher incidence 
of NHAP was found in residents with dysphagia (p=0.046). Residents with dysphagia had 
statistically significantly more diseases than residents without dysphagia (p=0.001). Logistic 
regression analyses revealed no statistically significant associations between NHAP and the 
number of diseases and the ICD-10 diseases. It was concluded that dysphagia was a risk factor 
for NHAP. Awareness of the signs of dysphagia by nurses and other care providers is important 
for early recognition and management of dysphagia and for the prevention of NHAP.
Chapter 6 presents the results of a multicenter study. The aim of the study was to examine 
whether the daily application of a 0.05% chlorhexidine oral rinse solution is effective in reducing 
the incidence of aspiration pneumonia in nursing home residents with dysphagia. For 1 year 
participants with dysphagia in the intervention group received the usual oral hygiene care with 
the addition of a 0.05% chlorhexidine oral rinse solution, while participants in the control group 
received only oral hygiene care. Associations between background variables (age, gender, 
dysphagia severity (FOIS-level), care dependency (CDS-score), medication use, number 
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 137
137
C
h
a
p
te
r
 8
of medical diagnoses, teeth and dental implants, and wearing removable dentures) and the 
incidence of aspiration pneumonia were also examined.
Data of 103 participants in 17 nursing homes, including 10 nursing homes with 52 participants 
in the intervention group and 7 nursing homes with 51 participants in the control group, were 
analyzed. Pneumonia was diagnosed in 26 participants: 12 in the intervention group and 14 
in the control group. Survival analysis showed no significant difference in the incidence of 
pneumonia between the groups (Cox regression, HR=0.800; 95% CI [0.368 – 1.737], p = 0.572). 
Cox regression analysis for FOIS-level showed a significant risk of the incidence of pneumonia 
(HR = 0.804; 95% CI [0.656 – 0.986], p = 0.036). After adjustment for Group and FOIS-level, 
Cox multivariate proportional hazard regression analysis showed that the variables age, 
gender, CDS-score, number of diseases, medication use, number of teeth, and the presence of 
dental implants or removable dentures were not significantly associated with the incidence of 
pneumonia.
A 0.05% chlorhexidine oral rinse solution as an adjunctive intervention in daily oral hygiene care 
was not found to reduce the incidence of aspiration pneumonia. The number of participants 
required to achieve sufficient power was not established and a high drop-out rate and non-
structural compliance were present. The power was considered to be sufficient for analyzing the 
associations between the background variables and the incidence of pneumonia in the nursing 
home residents with dysphagia included in the study. Dysphagia was found to be a risk factor 
for aspiration pneumonia. 
Chapter 7 presents an integral discussion of the results of the studies described in the previous 
chapters. The results of the studies were found to be interrelated and therefore classified under 
the four topics dealt with below.
a Daily oral hygiene care by nursing staff
Certain problems regarding the provision of oral hygiene care in care-dependent patients by 
nursing staff are similar regardless of their care settings, such as a significant lack of knowledge 
about relevant aspects of handling and cleansing the removable dentures of their patients. 
Several problems related to providing oral hygiene care are experienced, such as a restricted 
mouth opening, the unpleasantness of tongue cleansing and problems with care-dependent 
patients who refuse oral health care. There are perceptions of insecurity among the nursing staff 
during the providing of oral hygiene care and they consider performing oral hygiene care as an 
unpleasant care task. The developed guideline for a structured basic oral examination in our 
study ensured that nursing staff were able to indicate what oral hygiene care was required for 
neurological patients.
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Nevertheless controversy surrounds the effect of the training and education of nursing staff in 
oral health interventions. Several studies could not demonstrate that retraining nursing staff 
in oral health and hygiene care is sufficiently effective in improving the oral health of care-
dependent residents. This strengthens the importance of shifting from only extra training and 
education of the nursing staff to a focus where dental professionals form an essential part of 
every multidisciplinary team in complex healthcare facilities.
b Diagnosing pneumonia versus aspiration pneumonia
No consensus was reached in defining characteristics for diagnosing NHAP, possibly because 
of the atypical presence of NHAP. Consensus was reached about the risk factors for considering 
a diagnosis of aspiration pneumonia: dysphagia, choking incident, (history of) tube feeding, 
neurological disease and cognitive impairment. 
In the treatment of care home residents, it is meaningful to make a clinical distinction between 
pneumonia and aspiration pneumonia because each diagnosis initiates a different treatment. 
The difficulty in making a clinical distinction between these pneumonias means that a treatment 
with broad-spectrum antibiotics is often started, although several studies do not recommend 
applying a broad-spectrum antibiotic. Aspiration pneumonia can also be classified as a bacterial 
aspiration pneumonia or chemical pneumonitis; because chemical pneumonitis is difficult to 
differentiate from bacterial aspiration, chemical pneumonitis is often (over)treated with antibiotics. 
Prevention and early diagnosing of (aspiration) pneumonia are important for optimizing health, 
reducing related costs and maintaining the quality of life of nursing home residents.
c Dysphagia and other associated factors of aspiration pneumonia
Dysphagia was found to be a statistically significant associated (risk) factor for the incidence 
of aspiration pneumonia in care home residents and for considering a diagnosis of aspiration 
pneumonia. Other variables such as age, gender, number of diseases, medication use, care-
dependency-score, number of teeth, and the presence of dental implants or removable dental 
prostheses were not statistically significantly associated with the incidence of pneumonia. 
The cumulative effect of aging, multimorbidity, number of medications and degree of care 
dependency influences the prevalence and degree of frailty and makes nursing home residents 
more vulnerable to pneumonia. Owing to the multiple chronic factors that play a role in dysphagia, 
dysphagia can also be considered a new geriatric syndrome. It has been hypothesized that early 
dysphagia assessment may contribute to preventing aspiration pneumonia and possible death.
d Chlorhexidine oral rinse solution and aspiration pneumonia  
Daily use of a 0.05% chlorhexidine oral rinse solution in addition to the daily oral hygiene care did not 
significantly reduce the incidence of aspiration pneumonia in care home residents with dysphagia, 
compared to care home residents with dysphagia who received only the usual daily oral hygiene care. 
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The findings of the study show the methodological challenges inherent in a large-scale study 
in long-term care facilities. The number of participants required to achieve sufficient power was 
not established and a high drop-out rate and non-structural compliance were present. Despite 
these methodological problems, doubts may arise concerning whether a chlorhexidine oral rinse 
solution is an effective intervention in reducing pneumonia in care-dependent elderly people or 
not. It has been hypothesized that oral intake of food and its possible aspiration might play a more 
important role in the onset of aspiration pneumonia in care home residents than the amount of 
oral biofilm and its bacterial composition. It seems likely that oral bacteria are transported by the 
food into the lungs. After aspiration, it is unclear whether the oral bacteria or the food provokes 
the eventual pneumonia. Both are possible causes. 
Another reason for this new assumption that the bacterial composition of the biofilm is less 
important than originally thought, is that no difference in the incidence of aspiration pneumonia 
was found between edentulous and dentate residents despite the fact that different types of 
microorganisms are found in residents with complete dentures and residents who are partially 
edentulous or dentate people. It is assumed that the use of a 0.05% chlorhexidine oral rinse 
solution as an adjunctive to oral hygiene care did not sufficiently intervene in bacterial composition 
and oropharyngeal colonization of our dentate and edentulous participants and did not protect 
them from aspiration pneumonia.
Overall conclusions:
•	 	 There was a significant lack of knowledge of the relevant aspects of handling and cleansing 
removable dentures and several barriers were experienced by the nursing staff that provided 
oral hygiene care (Chapter 2).
•	 	A guideline for a structured basic oral examination as provided to nursing staff ensured 
sufficient background for performing oral hygiene care in neurological patients (Chapter 2). 
•	 	 No consensus was reached by clinical experts in nursing home care, geriatrics and pulmonary 
diseases in defining characteristics for diagnosing NHAP (Chapter 4).
•	 	 Consensus was reached about the risk indicators dysphagia, choking incident, (history of) 
tube feeding, neurological disease and cognitive impairment for considering a diagnosis of 
aspiration pneumonia in nursing home residents with pneumonia (Chapter 4).
•	 	Dysphagia was shown to be a factor that was statistically significantly associated with the 
incidence of pneumonia (Chapters 5 and 6).
•	 	 No statistically significant associations were found between NHAP and included ICD-10 
medical diseases and conditions (Chapter 5). 
•	 	 The daily use of a 0.05% chlorhexidine oral rinse solution as an adjunctive to the daily oral 
hygiene care was not found to reduce the incidence of aspiration pneumonia statistically 
significantly in care home residents with dysphagia compared to care home residents with 
dysphagia who received only the usual oral hygiene care (Chapter 6). 
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Future perspectives and recommendations regarding Dutch oral care and 
oral healthcare education of care-dependent elderly people
Daily oral care for elderly people has shifted from the provision of denture care to the provision 
of oral hygiene care of natural dentition. This shift has been brought about by improvements in 
professional dental care. In the near future it is expected that the oral health status of (dentulous) 
care-dependent elderly people will become more complex and self-care disability will increase 
when these people enter long-term facilities.
To be able to provide this demanding and complex oral (hygiene) care, these long-term facilities 
need to ask whether handling of and taking responsibility for this care should lie with nursing 
staff. This question is justified after years of training nursing staff with disappointing results and 
low improvement in their skills and knowledge and the concomitant low levels of improvement in 
the oral hygiene and health of care-dependent patients. It is recommended, therefore, that the 
approach shifts from only providing extra training and education of the nursing staff to a focus 
where dental professionals are made an essential part of every multidisciplinary team in complex 
healthcare facilities. 
This is why revision of the organization of oral care and interpretation of how to provide this oral 
care is needed. The revision of the organization of oral care needs to focus on three points. The 
first is the prevention of the deterioration of the oral health of care-dependent elderly people. To 
achieve this, it is of great importance that well-trained dental professionals and other healthcare 
professionals actively monitor the oral health status of these elderly people. Second, dental 
professionals, preferably dental hygienists, need to take the lead in integrating oral (hygiene) 
care as oral healthcare managers (OHCMs) and proactively monitor the oral health and oral 
hygiene care to prevent residents from acquiring oral hygiene and health complications. The 
OHCM can provide bedside training to ensure that the nursing staff is well trained for carrying 
out this oral hygiene care adequately and to support the nursing staff in performing bedside 
oral hygiene care. OHCMs can also provide chair-side care in care homes such as removing 
supra- and subgingival dental plaque and calculus, and cleansing dental implants, tongues 
and dentures. Third, revision of the care fee structure is recommended. By including dental 
professionals as an integral part of a multidisciplinary team, wherein they not only provide oral 
hygiene care in care-dependent residents but also support and educate the nursing staff, a 
different (care) fee structure is needed.  
To manage these oral, dental and medical complexities in care-dependent elderly people, 
dental and nursing professionals need to be appropriately well educated and trained during 
their professional studies. The education of dentists and dental hygienists in the Netherlands 
should focus more on geriatric specialization, with an increased focus on performing bed- and 
chair-side oral (hygiene) care in care-dependent elderly people. If oral hygiene and health are 
approached from an oral-systemic health perspective, interprofessional retraining and education 
511080-L-bw-hollaar
Processed on: 30-6-2017 PDF page: 141
141
C
h
a
p
te
r
 8
on oral-systemic health and dental hygiene are required for all (para)medical members of a ward 
and not only the nursing staff. For these reasons, interprofessional education programmes for 
nursing, dental (hygiene) and medical students are recommended and necessary for handling 
the great demands of this complex oral (hygiene) care in the care-dependent elderly people of 
today and in the near future. 
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Longontsteking (pneumonie) is een belangrijke oorzaak van overlijden bij verpleeghuisbewoners. 
Aspiratiepneumonie (longontsteking door verslikking) ontstaat door het inademen van bacteriën 
of door bacteriën geïnfecteerd materiaal. Dysfagie (slikproblemen) en de in tandplaque 
aanwezige potentiële luchtwegpathogenen zijn risicofactoren voor een aspiratiepneumonie. 
Dagelijkse mondverzorging kan het aantal orale bacteriën verminderen en hierdoor ook 
het risico op aspiratiepneumonie doen afnemen. Tot op heden is echter onduidelijk welke 
interventies in de mondverzorging het meest effectief en efficiënt zijn om aspiratiepneumonie 
bij verpleeghuisbewoners te voorkomen. Deze kennis is van belang voor verbetering van de 
dagelijkse mondverzorging en professionele mondzorg bij verpleeghuisbewoners en daarmee 
voor het mogelijk voorkomen van aspiratiepneumonie. Tevens is meer inzicht nodig in welke 
kennis en vaardigheden aanwezig moeten zijn bij het verplegend personeel voor het uitvoeren 
van deze complexe mondverzorging bij zorgafhankelijke cliënten. 
In hoofdstuk 1 wordt een inleiding gegeven op deze onderwerpen en worden de doelen van 
de verschillende onderzoeken in dit proefschrift beschreven. De onderzoeken in dit proefschrift 
geven inzicht in:
1.   hoe dagelijkse mondverzorging bij zorgafhankelijke patiënten door verpleegkundigen wordt 
uitgevoerd en welke kennis en vaardigheden aanwezig zijn.
2.   welke symptomen, (medische) risicofactoren of ziekten worden geassocieerd met pneumonie 
of aspiratiepneumonie bij verpleeghuisbewoners.
3.   of door het toevoegen van een spoelmiddel met 0.05% chloorhexidine aan de dagelijkse 
mondverzorging bij verpleeghuisbewoners met dysfagie de incidentie van aspiratiepneumonie 
afneemt.
In hoofdstuk 2 wordt een onderzoek beschreven dat werd uitgevoerd op een afdeling Neurologie 
in een Nederlands ziekenhuis. Dit onderzoek bestond uit twee delen. Het doel van het eerste 
deel van het onderzoek was om de kennis van het verplegend personeel met betrekking tot de 
mondverzorging van neurologie patiënten te onderzoeken door middel van een vragenlijst. Het 
doel van het tweede deel van het onderzoek was om een protocol voor een mondonderzoek te 
ontwikkelen, de verpleging te scholen en trainen in het gebruik hiervan, en hun bekwaamheid én 
percepties omtrent hun bekwaamheid bij het uitvoeren van het mondonderzoek voor en na de 
training te onderzoeken.  
De resultaten van het eerste deelonderzoek gaven aan, dat het verplegend personeel weleens 
problemen ervoer bij het verlenen van dagelijkse mondverzorging en dat zij te weinig kennis had 
van het reinigen en het omgaan met de gebitsprothesen. Praktische problemen die zij ervoeren 
tijdens het verlenen van dagelijkse mondverzorging bij de patiënten waren een beperkte 
mondopening of het weigeren van de mondverzorging. Echter, het verplegend personeel 
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beschouwde zichzelf voldoende bekwaam in het uitvoeren van de dagelijkse mondverzorging. 
Uit de resultaten van het tweede deel van het onderzoek bleek, dat na de training de kennis 
en vaardigheden van het verplegend personeel met betrekking tot het uitvoeren van het 
mondonderzoek gelijk waren gebleven. Echter, de eigen perceptie over hun bekwaamheid was 
wel significant toegenomen. Een mogelijke verklaring voor dit resultaat is, dat het ontwikkelde 
protocol voor het mondonderzoek gemakkelijk te gebruiken is. Hierdoor was het verplegend 
personeel in staat het mondonderzoek uit te voeren zonder extra training. De training verhoogde 
wel de eigen perceptie van hun bekwaamheid met betrekking tot het uitvoeren van dit 
mondonderzoek.
In hoofdstuk 3 wordt het onderzoeksprotocol beschreven voor een multicenter cluster onderzoek, 
waarin de incidentie van (aspiratie) pneumonie bij verpleeghuisbewoners met slikproblemen wordt 
onderzocht na toevoeging van een spoelmiddel met 0.05% chloorhexidine aan de dagelijkse 
mondverzorging. In dit onderzoeksprotocol werden de verpleeghuizen gerandomiseerd voor 
deelname aan de interventie- of controlegroep. Bij de verpleeghuisbewoners in de interventiegroep 
werd twee keer per dag een spoelmiddel met 0.05% chloorhexidine direct na de dagelijkse 
mondverzorging toegepast, terwijl in de controlegroep alleen de dagelijkse mondverzorging 
werd uitgevoerd, zoals men dat gewend was te doen. Volgens dit onderzoeksprotocol zouden er 
gedurende een jaar 500 zorgafhankelijke verpleeghuisbewoners met dysfagie worden gevolgd.
De primaire uitkomstmaat was de incidentie van pneumonie, die door een arts wordt 
gediagnosticeerd. Aan de hand van een Cox regressieanalyse werd het effect van de interventie 
op de incidentie van pneumonie bepaald. De secundaire uitkomstmaten waren correlaties 
tussen de incidentie van pneumonie, leeftijd, geslacht, medische diagnoses, mate van dysfagie, 
zorgafhankelijkheid, medicatiegebruik, aantal aanwezige gebitselementen, orale implantaten of 
gebitsprothesen.
Bij verpleeghuisbewoners was het klinisch niet mogelijk om onderscheid te maken tussen 
pneumonie en aspiratiepneumonie. Tevens is er in internationale literatuur geen consensus over 
welke en hoeveel symptomen en risicofactoren bij verpleeghuisbewoners aanwezig moeten zijn 
om de diagnose pneumonie (nursing home-acquired pneumonia; NHAP) of aspiratiepneumonie 
te stellen. Hoofdstuk 4 beschrijft daarom een onderzoek, waarbij de Delphi Methode werd 
gebruikt om consensus te bereiken tussen experts op het gebied van de geriatrie en longartsen 
over welke symptomen aanwezig moeten zijn om de diagnose pneumonie te kunnen stellen 
bij verpleeghuisbewoners en welke risicofactoren aanwezig moeten zijn om de diagnose 
aspiratiepneumonie in overweging te nemen.
Een literatuuronderzoek naar de symptomen van NHAP en 3 expert opinierondes werden 
uitgevoerd.  De symptomen uit het literatuuronderzoek werden volgens de Delphi Methode 
via een online enquête aan de experts voorgelegd. Na elke ronde werd een data-analyse 
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uitgevoerd, waarbij kwalitatieve antwoorden en aanvullende symptomen voor het diagnosticeren 
van NHAP, vermeld bij de open vragen, werden samengevat en vergelijkbare antwoorden 
werden samengevoegd, geordend op frequentie om weer in de volgende expertronde voor te 
kunnen leggen. Symptomen waarvoor geen consensus werd bereikt werden als onvoldoende 
beschouwd en uitgesloten. Er was sprake van consensus als tenminste 70% van de experts 
overeenstemming hadden bereikten. 
Uit het literatuuronderzoek kwamen 16 veel voorkomende symptomen naar voren voor het 
diagnosticeren van NHAP. Er werden 3 expert opinierondes uitgevoerd, waarbij geen consensus 
werd bereikt over welke én hoeveel symptomen nodig zijn voor het diagnosticeren van NHAP. 
Ondanks dat er geen consensus werd bereikt, lijken dyspneu, koorts, verslechtering van het 
algehele functioneren, tachypneu en crepitatie bij auscultatie belangrijke symptomen en dat 
tenminste 2 of 3 van deze symptomen aanwezig moeten zijn bij het stellen van de diagnose 
NHAP. Tachtig procent van de experts bereikten consensus over de risicofactoren die aanwezig 
moeten zijn om de diagnose aspiratiepneumonie in overweging te nemen. Deze risicofactoren 
zijn dysfagie, een verslikincident, (recente) sondevoeding, neurologische ziekten en cognitieve 
achteruitgang.
Hoofdstuk 5 beschrijft een retrospectieve cross-sectionele onderzoek naar mogelijke associaties 
tussen pneumonie (NHAP) en dysfagie in verpleeghuisbewoners en een medisch risicoprofiel. In 
dit onderzoek werden 416 elektronische patiëntendossiers van verpleeghuisbewoners van 65 jaar 
of ouder in 3 Nederlands verpleeghuizen onderzocht, waarbij informatie over leeftijd, geslacht, 
diagnose van dysfagie en/of pneumonia, medische diagnoses en eventuele doodsoorzaak uit 
deze dossiers werden overgenomen. 
Na toepassen van de exclusiecriteria werden de data van 373 elektronische patiëntendossiers 
geanalyseerd. Er werd een significant verschil gevonden tussen de prevalentie van dysfagie in 
de verschillende verpleeghuizen (p<0.001), waarbij in 1 verpleeghuis een hogere prevalentie van 
dysfagie (38%) bestond in vergelijking met de andere 2 verpleeghuizen met een prevalentie van 
respectievelijk 14% en 8%. Een mogelijke verklaring voor dit verschil is, dat in het verpleeghuis 
met de hogere prevalentie van dysfagie bij elke verpleeghuisbewoner een slikonderzoek 
werd uitgevoerd, waardoor er in de andere verpleeghuizen mogelijk sprake was van een 
onderschatting van dysfagie. De incidentie van NHAP was 5-12%. Bij de verpleeghuisbewoners 
met dysfagie werd een statistisch significant hogere incidentie van NHAP gevonden (p=0.046). 
Verpleeghuisbewoners met dysfagie vertoonden statistisch significant meer medische diagnoses 
dan  verpleeghuisbewoners zonder dysfagie (p=0.001). Een logistische regressieanalyse toonde 
geen statistisch significante associaties aan tussen NHAP, het aantal medische diagnoses en 
specifieke ICD-10 geclassificeerde ziekten. Dit onderzoek toont aan dat dysfagie een mogelijke 
risicofactor is voor NHAP. Daarom is het van belang dat het verzorgend en verplegend personeel 
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als mede andere zorgverleners alert zijn op symptomen van dysfagie, zodat dysfagie vroegtijdig 
gesignaleerd en behandeld kan worden met als doel preventie van NHAP.
In hoofdstuk 6 worden de resultaten beschreven van een multicenter onderzoek naar het effect 
van het twee keer per dag toevoegen van een spoelmiddel met 0.05% chloorhexidine aan 
de dagelijkse mondverzorging gedurende 1 jaar op de incidentie van aspiratiepneumonie bij 
verpleeghuisbewoners met dysfagie. De verpleeghuisbewoners in de interventiegroep werden 
vergeleken met een controlegroep, waarin alleen de dagelijkse mondverzorging werd uitgevoerd. 
Associaties tussen de variabelen leeftijd, geslacht, mate van dysfagie (Functional Oral Intake 
Scale; FOIS-level) en zorgafhankelijkheid (Care Dependency Scale; CDS-score), aantal 
medische diagnoses, medicatiegebruik, aantal aanwezige gebitselementen, orale implantaten 
of gebitsprothesen en de incidentie van aspiratiepneumonie werden hierbij onderzocht.
De gegevens van 103 deelnemers in 17 verpleeghuizen, waarvan 52 deelnemers in 10 
verpleeghuizen in de interventiegroep en 51 deelnemers in 7 verpleeghuizen in de controlegroep, 
werden geanalyseerd. Pneumonie werd bij 26 deelnemers gediagnosticeerd, waarvan 12 in de 
interventiegroep en 14 in de controlegroep. Een overlevingsanalyse (survival analyse) toonde 
geen significant verschil aan tussen de incidentie van pneumonie in beide groepen (Cox 
regressie, HR=0.800; 95% CI [0.368 – 1.737], p = 0.572). De Cox regressieanalyse toonde aan 
dat de mate van dysfagie uitgedrukt in FOIS-level een significant risico was voor de incidentie van 
pneumonie (HR = 0.804; 95% CI [0.656 – 0.986], p = 0.036). Na correctie voor groep en FOIS-
level werden door middel van een Cox multivariate proportional hazard regressieanalyse geen 
significante associaties gevonden tussen de variabelen leeftijd, geslacht, zorgafhankelijkheid 
(CDS-score), aantal medische diagnoses, medicatiegebruik, aantal aanwezige gebitselementen, 
orale implantaten of gebitsprothesen en de incidentie van pneumonie.
Uit dit onderzoek bleek, dat het toevoegen van een spoelmiddel met 0.05% chloorhexidine aan 
de dagelijkse mondverzorging niet voor een afname van de incidentie van aspiratiepneumonie 
zorgt. Echter het aantal verpleeghuisbewoners voor de benodigde statistische power werd niet 
bereikt en bovendien was er sprake van een grote uitval van deelnemers en niet structurele 
naleving (compliance) van het onderzoeksprotocol. Desondanks was het aantal proefpersonen 
groot genoeg om associaties tussen de bovengenoemde variabelen en de incidentie van 
pneumonie in verpleeghuisbewoners met dysfagie te kunnen bepalen. Hieruit bleek dat, dysfagie 
een risicofactor voor aspiratiepneumonie is.
Hoofdstuk 7 beschrijft een integrale discussie over de resultaten van de onderzoeken die 
werden beschreven in de voorgaande hoofdstukken. Omdat de resultaten overeenkomsten en 
samenhang vertonen, wordt de discussie uiteengezet in 4 deelonderwerpen.
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a Dagelijkse mondverzorging door verplegend personeel
Bepaalde overeenkomstige problemen bij het verlenen van dagelijkse mondverzorging bij 
zorgafhankelijke cliënten worden door verplegend personeel ervaren en dit is onafhankelijk 
van het soort zorginstelling. Een voorbeeld hiervan is een significant gebrek aan kennis over 
omgaan met en het reinigen van gebitprothesen van cliënten. Er worden problemen ervaren 
tijdens het uitvoeren van de mondverzorging, zoals een beperkte mondopening, het onplezierig 
vinden om de tong te reinigen en weigering van de mondverzorging door zorgafhankelijke 
cliënten. Daarnaast voelt het verplegend personeel zich onzeker tijdens het uitvoeren van de 
mondverzorging en wordt de mondverzorging als een onplezierige taak ervaren. Het in dit 
onderzoek ontwikkelde protocol voor een gestructureerd mondonderzoek zorgde ervoor dat het 
verplegend personeel in staat was de benodigde mondverzorging voor neurologische patiënten 
te indiceren.
Over het effect van trainen en bijscholen van het verplegend personeel in mondzorg bestaat 
discussie. Verschillende onderzoeken toonden geen verbetering aan van de mondgezondheid 
van zorgafhankelijke patiënten na het bijscholen van het verplegend personeel. Het is daarom 
belangrijk om de focus te verschuiven van met name het bijscholen en trainen van het verzorgend 
en verplegend personeel naar een situatie waarbij mondzorgprofessionals een essentieel 
onderdeel zijn van elk multidisciplinair team in complexe zorginstellingen.
b Diagnosticeren pneumonie versus aspiratiepneumonie
Er werd geen consensus bereikt over welke symptomen aanwezig moeten zijn om NHAP te 
diagnosticeren. Een mogelijke verklaring voor het niet bereiken van consensus, is het atypische 
klinische beeld van NHAP. Voor het in overweging nemen van de diagnose aspiratiepneumonie 
werd wel consensus bereikt over de risicofactoren dysfagie, verslikincident, (recente) 
sondevoeding, neurologische ziekten en cognitieve achteruitgang. 
In de behandeling van verpleeghuisbewoners is het van belang klinisch onderscheid te maken 
tussen de diagnose NHAP of aspiratiepneumonie, omdat deze diagnoses volgens protocol 
een verschillende behandeling voorschrijven. Doordat het in de dagelijkse praktijk moeilijk 
blijkt om een klinisch onderscheid te maken tussen beide soorten pneumonie, wordt vaak een 
breedspectrum antibioticumkuur voorgeschreven, ondanks dat verschillende onderzoeken 
een breedspectrum antibioticumkuur afraden. Aspiratiepneumonie kan geclassificeerd worden 
als een bacteriële aspiratiepneumonie of chemische pneumonitis. Chemische pneumonitis is 
lastig te onderscheiden van bacteriële aspiratiepneumonie, waardoor chemische pneumonitis 
vaak (over)behandeld wordt met antibiotica. Preventie en vroegtijdig diagnosticeren van 
aspiratiepneumonie is belangrijk voor de verbetering van de gezondheid, vermindering van 
gerelateerde (zorg)kosten en behoud van de levenskwaliteit van verpleeghuisbewoners
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c Dysfagie en geassocieerde factoren met aspiratiepneumonie
Dysfagie is een statistisch significante (risico)factor voor de incidentie van aspiratiepneumonie in 
verpleeghuisbewoners en voor het in overweging nemen van de diagnose aspiratiepneumonie. 
Voor andere variabelen, zoals leeftijd, geslacht, medische diagnoses, medicatiegebruik, 
zorgafhankelijkheid, aantal aanwezige gebitselementen, orale implantaten of gebitsprothesen 
werden geen statistisch significante associaties aangetoond met de incidentie van 
aspiratiepneumonie. Verpleeghuisbewoners lijken vatbaarder voor pneumonie, door het 
cumulatieve effect van veroudering, multimorbiditeit, aantal medicijnen en de mate van 
zorgafhankelijkheid en kwetsbaarheid (frailty). Doordat vele chronische factoren een rol spelen 
bij dysfagie, kan dysfagie worden beschouwd als een nieuw geriatrisch syndroom. Het uitvoeren 
van vroegtijdig slikonderzoek zou kunnen bijdragen aan de preventie van aspiratiepneumonie en 
eventueel overlijden van verpleeghuisbewoners.
d Chloorhexidine spoelmiddel en aspiratiepneumonie
Het toevoegen van een spoelmiddel met 0.05% chloorhexidine aan de dagelijkse mondverzorging 
bij verpleeghuisbewoners met dysfagie zorgde niet voor afname van de incidentie van 
aspiratiepneumonie in vergelijking met verpleeghuisbewoners met dysfagie, waarbij alleen de 
dagelijkse mondverzorging werd uitgevoerd. 
De resultaten van dit onderzoek werden waarschijnlijk beïnvloed door methodologische 
problemen en uitdagingen, die grootschalige onderzoeken in zorginstellingen voor langdurige 
zorg met zich mee brengen, zoals het niet bereiken van het aantal benodigde deelnemers 
(power), een hoog uitvalpercentage (drop-out) en het niet-structureel naleven (compliance) 
van het onderzoeksprotocol. Behalve deze methodologische problemen, valt te bediscussiëren 
of een spoelmiddel met chloorhexidine een effectieve interventie is om pneumonia bij 
zorgafhankelijke ouderen te bestrijden. Een alternatieve hypothese is dat de orale inname van 
voedsel en aspiratie hiervan een belangrijkere rol speelt in het ontstaan van aspiratiepneumonie 
in verpleeghuisbewoners dan de hoeveelheid orale biofilm (tandplaque) en de bacteriële 
samenstelling daarvan. Het lijkt waarschijnlijk dat voedsel orale bacteriën naar de longen 
transporteert. Na aspiratie is het onduidelijk of de orale bacteriën of het voedsel de eventuele 
longontsteking veroorzaken. Beiden factoren spelen een mogelijke rol.
Deze alternatieve hypothese, waarin de bacteriële samenstelling van de orale biofilm (tandplaque) 
minder belangrijk lijkt in het ontstaan van aspiratiepneumonie dan oorspronkelijk werd gedacht, 
wordt versterkt doordat er in dit onderzoek geen verschil gevonden is in de incidentie van 
aspiratiepneumonie bij edentate en dentate verpleeghuisbewoners. Dit ondanks het feit dat 
er verschillende soorten micro-organismen voorkomen bij verpleeghuisbewoners die een 
volledige gebitsprothese dragen dan wel dentaat zijn. Verondersteld wordt dat het toevoegen 
van een spoelmiddel met 0.05% chloorhexidine aan de dagelijkse mondverzorging bij (partieel) 
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dentate en edentate verpleeghuisbewoners onvoldoende invloed heeft gehad op de bacteriële 
samenstelling van het mondmilieu en de orofaryngeale kolonisatie om aspiratiepneumonie te 
kunnen voorkomen.
Conclusies:
•	  Het verpleegkundig personeel bleek een significant gebrek aan kennis te hebben over 
omgaan met en het reinigen van gebitprothesen en zij ervoeren praktische belemmeringen 
bij het uitvoeren van de dagelijkse mondverzorging (Hoofdstuk 2).
•	  Door het gebruik van een protocol voor een gestructureerd mondonderzoek was het 
verplegend personeel in staat om de juiste mondverzorging te indiceren bij neurologie 
patiënten (Hoofdstuk 2).
•	  Er werd geen consensus bereikt door specialisten ouderengeneeskunde, geriaters 
en longartsen over symptomen die van belang zijn voor het diagnosticeren van NHAP 
(Hoofdstuk 4).
•	  Consensus werd wel bereikt over de risicofactoren dysfagie, verslikincident, (recente) 
sondevoeding, neurologische ziekten en cognitieve achteruitgang voor het overwegen van de 
diagnose aspiratiepneumonie in verpleeghuisbewoners met longontsteking (Hoofdstuk 4).
•	  Dysfagie werd statistisch significant geassocieerd met de incidentie van NHAP (Hoofdstuk 
5 en 6).
•	  Er werden geen statistisch significante associaties gevonden tussen NHAP en ICD-10 
geclassificeerde ziekten en aandoeningen (Hoofdstuk 5).
•	 	Het  toevoegen van een spoelmiddel met 0.05% chloorhexidine aan de dagelijkse 
mondverzorging bij verpleeghuisbewoners met dysfagie zorgde niet voor een statistisch 
significante afname van de incidentie van aspiratiepneumonie in vergelijking met 
verpleeghuisbewoners met dysfagie, waarbij alleen de dagelijkse mondverzorging werd 
uitgevoerd (Hoofdstuk 6). 
Toekomstperspectief en aanbevelingen voor Nederlandse mondzorgverlening 
en mondzorgonderwijs voor zorgafhankelijke ouderen
Dagelijkse mondverzorging voor ouderen is verschoven van voornamelijk gebitsprothese-
verzorging naar het verzorgen van natuurlijke dentities. Deze verschuiving is ontstaan 
door verbeteringen in de professionele mondzorgverlening. Verwacht wordt dat in de nabije 
toekomst de mondsituatie van (dentate) zorgafhankelijke ouderen complexer zal worden 
en zorgafhankelijkheid ook op het gebied van mondverzorging zal toenemen bij opname in 
zorginstellingen voor langdurige zorg. 
Om deze veeleisende en complexe zorg te kunnen leveren is het van belang dat managers van 
zorginstellingen voor langdurige zorg zich afvragen of de verantwoordelijkheid voor deze zorg 
bij de verzorgenden en verpleegkundigen moet liggen. Deze stelling is gerechtvaardigd nadat 
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gebleken is dat jarenlange (bij)scholing van verplegend personeel heeft geleid tot teleurstellende 
resultaten inzake de verbetering van hun vaardigheden en kennis en de daarmee gepaard 
gaande marginale verbetering in mondverzorging en mondgezondheid van zorgafhankelijke 
cliënten. Daarom wordt aanbevolen om de focus te verschuiven van het bijscholen en trainen 
van het verzorgend en verplegend personeel naar een situatie waarbij mondzorgprofessionals 
een essentieel onderdeel zijn van elk multidisciplinair team in een complexe zorginstelling.
Om dit te bewerkstelligen is een herziening van de organisatie rondom de mondzorg van 
zorgafhankelijke cliënten nodig. Deze herziening zou op 3 punten moeten plaatsvinden. 
Ten eerste moet een achteruitgang van de mondgezondheid van zorgafhankelijke ouderen 
worden voorkomen. Om dit te bereiken, is het van groot belang dat goed opgeleide 
mondzorgprofessionals en andere zorgverleners actief de mondgezondheid van deze 
zorgafhankelijke ouderen monitoren. Ten tweede zouden mondzorgprofessionals, bij voorkeur 
mondhygiënisten, als ‘manager mondzorg’ in zorginstellingen het voortouw moeten nemen wat 
betreft het integreren van mondverzorging en mondzorg en proactief de mondverzorging en 
mondgezondheid monitoren ter preventie van complicaties in de mondgezondheid en algehele 
gezondheid. Een ‘manager mondzorg’ kan het verzorgend en verplegend personeel aan het 
bed trainen om mondverzorging adequaat uit te voeren en indien nodig hen ondersteunen bij het 
uitvoeren van deze zorg. Tevens kan een ‘manager mondzorg’ in de zorginstelling behandelingen 
uitvoeren, zoals het verwijderen van supra- en subgingivale tandplaque en tandsteen en het 
reinigen van de tong, implantaten en gebitsprothesen. Ten derde wordt een aanpassing van het 
beloningssysteem voor mondzorg bij zorgafhankelijke cliënten in verpleeghuizen aanbevolen. 
Als mondzorgprofessionals een vast onderdeel zijn van een multidisciplinair team, waarbinnen 
zij niet alleen mondzorg voor zorgafhankelijke cliënten bieden, maar ook begeleiding en scholing 
van het verzorgend en verplegend personeel, is een aanpassing in het beloningssysteem nodig. 
Toekomstige professionals in de mondzorg én verpleging moeten goed worden opgeleid om 
de orale, tandheelkundige en medische complexiteit van deze (mond)zorg bij zorgafhankelijke 
ouderen te overzien. De opleidingen Tandheelkunde en Mondzorgkunde in Nederland zouden 
zich meer moeten richten op geriatrie, met aandacht voor het uitvoeren van mondverzorging en 
professionele mondzorg bij zorgafhankelijke ouderen, zowel in de behandelstoel als naast het bed. 
Als mondverzorging en mondgezondheid vanuit een oraal-systemisch gezondheidsperspectief 
worden benaderd, is interprofessionele bijscholing noodzakelijk, niet alleen voor het verplegend 
personeel, maar voor alle (para)medische leden van het multidisciplinaire team. Tevens wordt 
interprofessioneel onderwijs omtrent mondgezondheid en mondzorg aanbevolen voor alle (para)-
medische studenten, met name voor studenten tandheelkunde, mondzorgkunde, geneeskunde 
en verpleegkunde. Interprofessioneel onderwijs is noodzakelijk om aan de complexe zorgvraag 
van mondverzorging en mondzorg bij de huidige zorgafhankelijke ouderen en in de nabije 
toekomst te kunnen voldoen.
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 ‘Another turning point, a fork stuck in the road
Time grabs you by the wrist, directs you where to go
So make the best of this test, and don't ask why
It's not a question, but a lesson learned in time
It's something unpredictable, but in the end is right,
I hope you had the time of your life’
Zes jaar zijn voorbij gevlogen. Terugkijkend op het hele promotietraject; wat heb ik een hoop 
meegemaakt en geleerd. Het promotietraject heeft me zoveel meer geleerd, dan alleen het 
worden van onderzoeker. Mijn geduld, flexibiliteit, aanpassingsvermogen, discipline, omgang met 
feedback, doorzettingsvermogen en kritisch denk,lees en schrijfvermogen zijn veelvuldig getest 
en onderzocht door mijzelf. Onderweg heb ik samen met mijn (co)-promotoren hobbels en hordes 
genomen en heb ik antwoorden moeten vinden op vragen, zoals hoe doe ik een METC aanvraag, 
waar haal ik zoveel spoelmiddel vandaan, waar vind ik mijn proefpersonen, hoe organiseer ik dit 
onderzoek, hoe doe ik bepaalde data analyse? Ook heb ik veel geleerd over de complexiteit van 
de zorg bij mensen, waarbij het leven niet meer vanzelf gaat.  Maar de moeilijkste onderzoeksvraag 
tijdens dit promotietraject was misschien wel de vraag ‘Hoe gaat het met je onderzoek?’. Hoe leg je 
begrijpelijk aan alle belangstellenden een review proces van een tijdschrift en een METC aanvraag 
uit ? Als ik 1 ding heb geleerd, is hoe complex zorgvuldig wetenschappelijk onderzoek doen is en 
dat ‘2 stappen vooruit en weer 3 stappen terug’ vaak voorkomt in het onderzoeksproces.
Het rondreizen door Nederland in alle windrichtingen, van Nijmegen naar Berg en Dal, Ewijk, Den 
Bosch, Rosmalen, Ammerzoden, Bergen op Zoom, Middelburg, Amsterdam, Amersfoort, Naarden, 
Driebergen, Duiven, Lochem, Delden en Noardburgum, om de verpleeghuizen een aantal keren 
te bezoeken, heeft me naar mooie plaatsen in Nederland gebracht, waar ik veel lieve mensen heb 
mogen ontmoeten en leren kennen. Ben wel benieuwd hoeveel kopjes koffie ik op alle stations heb 
gedronken en hoeveel kilometers ik in Nederland heb gemaakt. Maar het was het meer dan waard.
In de afgelopen zes jaar heb ik mogen ontdekken, wat voor plezier ik uit het schrijven en de 
wetenschap haal. Het rondneuzen in wetenschappelijke artikelen, resultaten analyseren en betekenis 
geven, het opzetten van onderzoeken voor studenten vanuit mijn onderzoek, schrijven van artikelen 
en blogs, hebben me de kans gegeven om mijn nieuwsgierige en creatieve ‘ei’ kwijt te kunnen. Trots 
en blij ben ik om nu dit promotietraject af te ronden. Maar aan de andere kant ga ik het missen al dit 
‘onderzoeksgedoe’ van een onderzoek opzetten, uitvoeren en resultaten analyseren en publiceren. 
Het is nu tijd om de andere kanten van het onderzoeker zijn te onderzoeken. Meer schrijven, meer 
onderzoek doen, meer tijd voor ontwikkeling mijn bedrijf The Oral Evidence Academy, meer reizend 
onderzoeken…wie weet…maar wel in het diepe blijven springen, anders wordt het leven ook zo saai.
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‘So take the photographs, and still frames in your mind
Hang it on a shelf in good health and good time
Tattoos of memories and dead skin on trial
For what it's worth it was worth all the while
It's something unpredictable, but in the end is right,
I hope you had the time of your life’
Dit promotietraject had ik niet kunnen doen zonder de hulp van heel veel mensen. Iedereen die 
een bijdrage heeft gehad in dit onderzoek, ontzettend bedankt. Mocht ik iemand vergeten in de 
onderstaande tekst, excuses hiervoor.
Mijn oprechte en grootste dank aan alle mensen en hun families, die als proefpersonen wilden 
meedoen aan mijn onderzoek. Bedankt dat jullie toelieten, dat ik een kijkje mocht nemen in jullie 
levens en gezondheid. Dat vind erg ik bijzonder. Maar ook alle deelnemende verpleeghuizen, 
zorgmanagers, logopedisten, specialisten ouderen geneeskunde, mondhygiënisten en 
tandartsen, ontzettend bedankt voor jullie medewerking. Speciale dank voor alle verzorgenden 
en verpleegkundigen, die zich hebben ingezet om de interventies uit te voeren en zaken te 
rapporteren. Bedankt voor jullie tijd, betrokkenheid en hulp. Zonder jullie had ik dit onderzoek 
niet kunnen doen.
Speciale dank aan:
Jannie Cornet; bedankt voor jouw betrokken assistentie met het onderzoek in Middelburg.
Gertrud Boelens; bedankt voor jouw ‘taxiservice’ en gezellige gesprekken onderweg van 
Groningen naar Noardburgum. En bedankt voor jouw assistentie en monitoring van het 
onderzoek samen met Tineke Visser in Noardburgum.  
Grada Nederlof en Berna Rood; dank voor jullie hulp bij het onderzoek op de afdeling Neurologie. 
Van jullie ik heb veel geleerd over multidisciplinaire mondverzorging bij zorgafhankelijke patiënten. 
Wat heb ik genoten van het enthousiasme en de betrokkenheid van de studenten Mondzorgkunde 
van de Hogeschool van Arnhem en Nijmegen, die als student-assistent verbonden waren 
aan mijn onderzoek. Ontzettend bedankt: Max van der Aa, Ingvild van der Berg, Laura van 
den Bruggen, Marcelle Castelijns, Carine Heikoop, Linda van de Heuvel, Vicky Klerkx, Lotte 
Scheepers, Colinda de Vree, Lobke de Weerd voor het monitoren van de proefpersonen. 
Speciale dank aan Celine Sandmann en Nina Claassen; jullie waren de meest toegewijde 
studentassistenten, die alles nauwlettend in de gaten hielden. Celine; ik zal ook nooit vergeten 
hoe wij samen de 1e proefpersoon includeerde op 23 april 2013 en hoe betrokken jij was bij 
deze en andere proefpersonen. Joes van de Wiel; bedankt voor jouw assistentie bij de intakes 
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in Driebergen. Eva Bezemer, Alyssa van de Brink, Nikky van de Corput, Merel Heebing en Ellen 
de Wit; bedankt voor jullie hulp bij de data verwerkingen -en invoering. Ook dank aan Muberra 
Arslan, Linda Brauer, Eefje Clermonts, Claire Nijenhuis, Stephanie Oudeman en Lenny Schot 
voor jullie bijdrage aan dit proefschrift.
 
Ook wil ik Dentaid bedanken voor hun bijdrage aan het onderzoek door de levering van het 
spoelmiddel bij alle deelnemende verpleeghuizen door heel Nederland. Speciale dank aan 
(voormalige) medewerkers van Dentaid: Dana Veerman, Joep van Mill, Pauline Heins en Jo-Ann 
Borgers.
Verder wil ik mijn collega’s van de Opleiding Mondzorgkunde van de Hogeschool van Arnhem 
en Nijmegen bedanken. Bedankt voor jullie betrokkenheid, gelegenheid en ruimte die jullie me 
gegeven hebben om op pad te gaan voor mijn onderzoek en jullie flexibiliteit in het eventueel 
ruilen en opvangen van lessen, als ik naar een verpleeghuis moest of een deadline wilde halen. 
Marijke Beckers en Agnes van Boxtel; bedankt dat jullie, als (voormalig) leidinggevenden, deze 
mogelijkheid hebben gegeven om me de afgelopen jaren te mogen ontwikkelen. Een belofte, 
die ik heb gemaakt voor de start van mijn promotietraject, is het bedanken van Frank Stöteler. 
Bedankt dat u, als toenmalige faculteitsdirecteur ‘groen licht’ gaf om te beginnen aan mijn 
promotieavontuur. In ruil daarvoor zou ik u bedanken in mijn proefschrift; dus bij deze.
Mijn promotieteam verdient een groot woord van dank. Het is misschien een cliché, maar zonder 
jullie had ik het niet gekund.  Allereerst mijn promotoren: 
Prof. dr. Nico Creugers; Nico, bedankt voor het overnemen van het promotorstokje van Cees 
de Baat. Bedankt voor je tijd, adviezen, bewaking van het proces en nuchterheid. Je liet mezelf 
nadenken en keuzes maken en de opmerking na een reviewproces ‘het wordt er altijd beter van’ 
zal ik altijd in mijn achterhoofd houden.
Prof. dr. em. Cees de Baat; Bedankt voor de betrokkenheid, nauwkeurigheid en de kritische 
opmerkingen gedurende de eerste jaren van mijn promotietraject. Ik heb er veel van geleerd.
Veel dank aan mijn copromotoren:
Claar van der Maarel – Wierink; Bedankt Claar, dat ik jouw onderzoek mocht voortzetten. Ik 
waardeer ontzettend jouw snelle en deskundige feedback op mijn toegezonden stukken. Het is 
zeer bewonderenswaardig dat jij nog tijd had om deze feedback te geven en de betrokkenheid 
te tonen naast het runnen van je eigen praktijk, gezin en alle projecten en onderwijsactiviteiten 
waar je bij betrokken bent.
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Gert-Jan van der Putten; Bij jou, als specialist ouderen geneeskunde, kon ik terecht met mijn 
medische vragen. Voor jouw medische deskundigheid, enthousiasme, humor en betrokkenheid 
bij het onderzoek wil ik je bedanken. Ook bedankt voor de medewerking, die je gaf bij het 
opzetten van onderzoeken voor scripties van studenten. En met plezier kijk ik ook terug op onze 
gezamenlijk studentenbeoordelingen.
Bert de Swart; Bedankt voor jouw energie en enthousiasme. Ongelooflijk hoeveel kansen 
en mogelijkheden jij altijd ziet voor multidisciplinaire (onderzoeks)projecten en de rol van de 
mondhygiënist. Bedankt dat jij samen met mij de kans hebt gegrepen voor dit promotietraject 
op het moment dat het zich voordeed. Hopelijk blijven we in de toekomst deze kansen grijpen.
Co-auteurs:
Ewald Bronkhorst, Berna Rood, Wil van der Sanden en Hans Elvers; bedankt voor jullie co-
auteurschap, feedback en hulp.
Yvonne Buunk-Werkhoven: samen met jou heb ik mijn eerste wetenschappelijke artikel over work 
engagement bij mondhygiënisten gepubliceerd. Bedankt voor jouw tips en adviezen rondom 
een promotietraject. Met onze engagement zit het wel goed!
Natuurlijk wil ik mijn paranimfen ook bedanken.
Eva; wie had ooit gedacht, dat wij als Intro-zussen, hier samen zouden staan. Jij was getuige 
van mijn (onze) eerste voetstapjes in de wetenschap. Ik zie ons nog samen zitten voor het 
‘onderwaterscherm’ van Word Perfect bij de eerste practica van Academische Vaardigheden 
tijdens onze studie Psychologie. Maar ook later hebben we vele uren in de collegezaal 
doorgebracht en achter de pc om te ‘SPSS-en’ en de APA-normen onder de knie te krijgen. 
Tegenwoordig besteden we deze uren regelmatig aan een etentje en een borrel. We pakken de 
draad altijd meteen weer op in onze gesprekken en met onze kijk op het leven en gevoel van 
vrijheid, verbazen wij ons met dezelfde humor over van alles in het leven en de wereld. Jouw 
vriendschap is me zeer dierbaar en hoop ik deze vriendschap nog jaren te hebben. Ik vind het 
eer, dat je aan mijn zijde staat als paranimf op de plek waar we elkaar hebben leren kennen en 
‘groot’ zijn geworden.
Renze; onze klik en vriendschap is bij studententennisvereniging Slow ontstaan en niet meer 
weggegaan. Een aantal overeenkomstigheden delen we samen, waaronder het voorzitterschap 
van Slow, onze onderzoeksambitie, kijk op het leven, humor en olifantjes aan de bar. En nu 
ook overeenkomsten in onze promotiedatum. Volgens jou vinden de beste promoties op een 
woensdag ‘de 13e’ om 16.30uur plaats; ik hoop het van harte. Jouw interesse in mijn onderzoek 
tijdens onze koffie- en lunchdates heb ik altijd zeer gewaardeerd. Want jij weet als geen ander, 
hoe het is om te promoveren. Vol bewonder bekijk ik hoe je als ambitieuze onderzoeker en 
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toegewijde moeder deze zaken probeert te combineren en dan ook nog tijd probeert te vinden 
voor je vrienden. Ik hoop dat onze vriendschap nog lang blijft bestaan. En ik had me geen betere 
paranimf kunnen wensen.
Ook mijn vrienden en familie zijn belangrijk geweest de afgelopen jaren en zorgden voor de 
nodige ontspanning, gezelligheid en luisterende oren. Pap en mam: bedankt dat jullie me altijd 
gestimuleerd hebben en de kans gegeven hebben om (door) te studeren. Jullie nuchterheid en 
Rotterdamse inslag, ‘niet lullen, maar (tanden)poetsen’, die ik van jullie heb meegekregen zijn 
zeer handig gebleken tijdens dit promotietraject. Mam; jouw CVA heeft me ook veel geleerd over 
de (mond)zorg in Nederland en is misschien onbewust een drijfveer geweest om me verder te 
ontwikkelen in de mondzorg voor zorgafhankelijke patiënten. Ik hoop jullie nog jaren in goede 
gezondheid bij me te hebben.
Cobies & Happy Campers: Ans, Chris, Kim, Renze en Suus, bedankt voor jullie vriendschap, 
onze jaarlijkse festival- en kerstmarktavonturen, woensdagavond-Mug-momenten, borrel 
gelegenheden, tennis- en yahtzeewedstrijden en andere onvergetelijke momenten. Sinds mijn 
studietijd reizen jullie met veel plezier mee in mijn leven en ontstaan er steeds weer nieuwe 
herinneringen en mooie momenten. Toch wonderlijk: Hoe een studenten tennisvereniging en een 
hoofdsponsor ons aan elkaar heeft verbonden. Hopelijk blijven we nog vaak zeggen: Hebben 
we al geproost ? Und was denkst du selbst!
Lieve Sas, bedankt voor jouw onvoorwaardelijke liefde en steun. Jouw mooie en sociale hart, 
opgeruimde karakter, vrolijkheid, glimlach, positiviteit, vrijheid en reislust wil ik bij me hebben tot 
we 184 jaar en ouder zijn…je weet toch…
It's something unpredictable, but in the end is right,
I hope you had the time of your life’
Good Riddance (Time Of Your Life) – Greenday
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Curriculum Vitae
Vanessa Hollaar werd geboren op 3 december 1978 in Linschoten. Na het behalen van haar VWO-
diploma in 1998 aan de Minkema College in Woerden, ging Vanessa studeren aan de Opleiding 
Mondhygiëne aan de Hogeschool van Arnhem en Nijmegen, waar zij in 2001 afstudeerde. Door 
stages bij het Centrum Bijzondere Tandheelkunde, op een Intensive Care en deelname aan een 
multiprofessioneel onderwijsproject op de afdeling Neurologie in het Radboud UMC, is haar 
interesse in multidisciplinaire mondzorg ontstaan. Na haar afstuderen wilde Vanessa meer leren 
over de mens in ‘al zijn doen en laten’ en combineerde zij vanaf 2001 tot en met 2005 het 
werk als mondhygiënist met een studie Psychologie aan de Radboud Universiteit Nijmegen. 
Tijdens haar afstudeerstage is ze in aanraking gekomen met wetenschappelijk onderzoek, als 
onderzoeksassistent en sindsdien speelt onderzoek een belangrijke rol in haar werk. 
In 2005 studeerde Vanessa als psycholoog af en begon zij als docent bij de Opleiding 
Mondzorgkunde aan Hogeschool van Arnhem en Nijmegen. In 2007 behaalde zij haar didactische 
bevoegdheid voor HBO-docent. Op de opleiding Mondzorgkunde vervulde zij in de loop der 
jaren naast haar functie als (hoofd)docent, verschillende functies, zoals propedeuse coördinator 
en MT-lid. Op dit moment coördineert zij de onderzoeksleerlijn en het onderzoeksprogramma 
binnen de Opleiding Mondzorgkunde. Verder ontwikkelde en verzorgt zij het onderwijs voor 
verschillende onderwijsblokken, zoals Evidence-Based Practice en Ouderen en de Mond. 
Vanaf 2007 is Vanessa lid van het Lectoraat Neurorevalidatie, waarin zij in 2011 parttime haar 
promotietraject startte. In 2014 werd zij hiervoor genomineerd voor HAN-onderzoeker van het 
jaar. 
In 2015 richt Vanessa The Oral Evidence Academy (www.oralevidence.nl) op om een brug te 
slaan tussen de wetenschap en de praktijk en met als missie het evidence-based handelen 
te stimuleren en te verbeteren bij (mond)zorgprofessionals en actuele wetenschappelijke 
inzichten toegankelijk te maken voor alle (mond)zorgprofessionals. Vanuit The Oral Evidence 
Academy geeft zij cursussen op het gebied van evidence-based handelen, het zoeken en lezen 
van wetenschappelijke artikelen en mondzorg bij zorgafhankelijke cliënten voor verzorgend en 
verplegend personeel. Tevens schrijft zij columns en blogs met een evidence-based invalshoek 
en verzorgt zij webinars. Voor The Oral Evidence Academy werd zij in 2015 genomineerd voor 
Mondhygiënist van Jaar door de Vereniging ter promotie van de Mondhygiëne (VPM). Voor het 
Nederlands Tijdschrift voor Mondhygiëne is Vanessa columnist en auteur.
Verder nam Vanessa twee keer deel aan het vrijwilligers project Werelddocent van de organisatie 
Edukans, waarmee zij samen met andere Nederlandse docenten naar Ethiopië afreisde om 
Ethiopische docenten te observeren en coachen ter verbetering van hun onderwijs.
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Publications
Scientific
•	  Buunk-Werkhoven YA, Hollaar VRY, Jongbloed-Zoet C. Work engagement among Dutch 
dental hygienists. J Public Health Dent. 2014, 74:227-233.
•  Buunk-Werkhoven YAB, Hollaar VRY, Jongbloed-Zoet, C. Work engagement among Dutch 
dental hygienists. Special Issue: Abstracts of the 101st FDI Annual World Dental Congress. 
International Dental Journal 2013, 63:231.
Other 
•	  Hollaar V. Invloed van diabetes op parodontitis en implantaten. Nederlands Tijdschrift voor 
Mondhygiëne. 2016, 7:15-17.
•	 	Schipper-Kersbergen R, Hollaar V, Laurant M. Interprofessioneel onderwijs voor betere 
samenwerking. Nederlands Tijdschrift voor Mondhygiëne. 2016,4:16-20.
•	  Hollaar V. Antibioticumprofylaxe bij endocarditis. Nederlands Tijdschrift voor Mondhygiëne. 
2016,2:10.
•	 	Hollaar V. Het rookgordijn van de e-sigaret. Nederlands Tijdschrift voor Mondhygiëne. 
2016,1:10-11.
•	  Hollaar V. To floss or not to floss. Nederlands Tijdschrift voor Mondhygiëne. 2015, 8:6-8.
•	 	Hollaar V, de Swart B, Rood B, Nederlof G. Mondzorg bij de Neurologische patiënt. Tijdschrift 
voor verpleegkundigen. 2010, 120:40-44.
Posters
•	 	Buunk-Werkhoven YAB, Folgerts O, Hollaar VRY. No burnout among Dutch NVM-dental 
hygienists! Accepted for FDI World Dental Congress, Madrid (Spain), 29 August – 1 
September 2017.
•	  Hollaar V, van der Maarel-Wierink C, van der Putten GJ, de Swart B, de Baat C. Design of 
a multicentre cluster randomized controlled clinical trial The effect of the daily application 
of a 0.05% chlorhexidine solution on the incidence of (aspiration) pneumonia in care home 
residents. International Symposium on Dental Hygiene, Basel (Switzerland), 23-25 June 
2016.
•	 	Buunk-Werkhoven YAB, Hollaar VRY, Jongbloed-Zoet C. Work engagement among Dutch 
dental hygienists. FDI Annual World Dental Congress Istanbul (Turkey), August 28-31 2013.
Congres
•	 	Evidence-Based werken in 30 minuten (lecturer). NVM Young Professionals Event, Maarssen 
(The Netherlands), October 3rd 2015.
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UITNODIGING 
Graag nodig ik u uit voor het 
bijwonen van de openbare 
verdediging van het  proefschrift
door
Vanessa Hollaar
op woensdag 13 september 2017 
om 16.30uur precies 
in de aula van 
Radboud Universiteit Nijmegen, 
Comeniuslaan 2 te Nijmegen
U bent van harte welkom 
bij deze plechtigheid. 
Na afl oop vindt er geen 
receptie plaats. Er is wel 
gelegenheid tot feliciteren.
Eva Huiskamp & Renze Salet
Contact of vragen via: 
promotievanessa@gmail.com
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